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Hytaherol 


—increased safety and undiminished 
effectiveness for continuous treatment— 


Since hypocalcemic tetany—usually the result of parathyroid 
deficiency—may require treatment for years, effective oral therapy with 


Hytakerol is superior to other methods. 


Hytakerol increases absorption of calcium from the intestine and can be 
taken with undiminished effectiveness, indefinitely. 


For prophylaxis following 
thyroidectomy and for 
chronic hypoparathyroidism, 
has proved to be the most 
valuable remedy ...”’! 


“Dihydrotachysterol ... 

is of great therapeutic value 
in most cases of both 
normocalcemic and 
hypocalcemic tetany.’’? 
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facial muscles results \ 
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Multiple Myeloma and the Adult Fanconi Syndrome. I. Report of a Case with Crys- 
tal-like Deposits in the Tumor Cells and in the Epithelial Cells of the Kidney 
RAvPH L. ENGLE, JR. AND Lita A. WALLIS 


Adult Fanconi Syndrome. II. Review of Eighteen Cases 

Lita A. WALLIS AND RALPH L. ENGLE, JR. 
The first paper describes a patient who had proved multiple myeloma and also the adult form of 
the Fanconi syndrome. The authors suggest that the Fanconi syndrome was due to damage to the 
proximal convoluted tubules, in which crystals were found (presumably a crystalline protein), 
postulated to be reabsorbed Bence Jones protein. If Fanconi syndrome occurs as a complication 
of multiple myeloma, it must be a rare complication indeed. The second paper develops the 
concept of secondary Fanconi syndrome further by bringing together evidence from many 
sources that proximal tubular damage, notably by a variety of heavy metals, may so reduce the Tm 
for many metabolites as to produce all the characteristics of the Fanconi syndrome. It is important 
that this state be recognized since the resulting deficiencies are amenable to effective replacement 


therapy. 


Glycoproteins in Serum from Patients with Myeloma, Macroglobulinemia and 
Related Conditions . . C.-B. Laureti, H. LAuRELL AND J. WALDENSTROM 


Increasing interest in the macroglobulinemias has been accompanied by many frustrations in diag- 
nosis because of the non-specificity of the ‘‘typical” clinical picture and the need of ultracentrifugal 
analysis of the serum proteins to establish the presence of components of very high molecular 
weight. Some simpler and more generally accessible laboratory method of diagnosis would be wel- 
come. In this study a comparison is made of the polysaccharide content of abnormal serum protein 
components in multiple myeloma and in macroglobulinemia. It would appear that, in confirma- 
tion of previous investigators, the abnormal serum protein components in the macroglobulinemias 
generally contain more carbohydrate than the abnormal components in myeloma. The distinction 
involves paper electrophoresis and appropriate staining techinics. 


Pulmonary Disease Following Chronic Chemical Ganglionic Blockade. A Clinical and 


Pathologic Study 
H. MitcHe.y Perry, Jr., RoBERT M. O’NEAL AND WILBUR A. THOMAS 


In a report of unusual intrinsic as well as therapeutic interest, the authors describe the develop- 
ment of fibrinous pneumonitis in the course of protracted treatment of eight hypertensive patients 
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Clinic 


Effect 


with methonium salts plus hydralazine. The most striking clinical manifestation of this disorder, 
apparently induced in conjunction with prolonged ganglionic blockade by the antihypertensive 
agents employed, is marked tachypnea, probably the expression of alveolar-capillary block. The 
anatomic changes found in the lungs at necropsy resemble those of “‘uremic pneumonia” but the 
patients in question presented only moderate nitrogen retention. The interesting suggestion is 
made that, at least in respect to the pathogenesis of fibrinous pneumonitis, methonium salts may 
exert effects similar to those of certain unidentified nitrogen retention products of the uremic state. 


al Determination of the Diffusion Capacity of the Lungs. Comparison of 
Methods in Normal Subjects and Patients with ‘‘Alveolar-Capillary Block”’ 


Syndrome 
ASHER Marks, Davip W. CuGELL, JOHN B. CADIGAN AND 
EpwaArD A. GAENSLER 


Recent clarification of the alveolar-capillary block syndrome has emphasized the need for an ac- 
curate and simple method for determining the diffusing capacity of the lungs, especially since an 
increasing number of patients are seen with dyspnea or pulmonary insufficiency out of proportion 
to any measured ventilatory defect. This thorough study of three methods for the determination of 
the diffusing capacity, i.e. the two-level O, method, the steady state CO method and the single 
breath CO method, revealed that the first two give correlative values. The third method, although 
simple to perform, gives values which are much higher than the other two. A high result by this 
method therefore does not rule out a diffusion abnormality but a low value is significant and may 


be useful as a screening test. 


s of Venesection on Pulmonary and Cardiac Function in Patients with Chronic 
Pulmonary Emphysema and Secondary Polycythemia 
J. HOwLAND AUCHINCLOss, JR. AND JOHN J. DUGGAN 


The place of phlebotomy in the management of patients with chronic pulmonary emphysema and 


Hydre 


secondary polycythemia, particularly when associated with cor pulmonale and right heart failure, 
is still controversial. It would seem that the most convincing way to settle the matter would be to 
test the response to venesection in terms of indexes of pulmonary and cardiac function. Interpreta- 
tions of such results vary, however, and the results of the present study also are subject to variable 
interpretation. It is made clear, nevertheless, that the benefits of venesection alone are negligible 
from the long term point of view. Certain immediate advantages may accrue, however, notably a 
transitory reduction in pulmonary artery pressure and rise in arterial oxygen saturation, albeit at 
the cost of a fall in cardiac output. 


»thorax in Congestive Heart Failure 

GeorGE A. Race, CHARLES H. SCHEIFLEY AND JESSE E. EDWARDS 
The not too infrequent occurrence of unilateral left-sided pleural effusion in patients with or with- 
out congestive failure seems invariably to set off a long train of confused speculation to account for 
what has come to be regarded as a paradoxic phenomenon quite distinct in etiology from unilateral 
right-sided pleural effusion. The present study, which to be sure is highly selective in dealing only 
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with fatalities, tends to negate this impression, indicating that in congestive failure the prevalence 
of unilateral effusion on one or the other side is not so different as to necessitate the assumption of 
wholly distinct causal mechanisms. This may be one reason why the proposed explanations of the 


presumed differences, which are here reviewed, are so controversial. 


The C-Reactive Protein Determination as an Index of Myocardial Necrosis in 
Coronary Artery Disease .  Irvinc G. Kroop AND NATHAN H. SHACKMAN 


The C-reactive protein test is a sensitive but quite non-specific indicator of the presence of infection, 
tissue necrosis or neoplasm. It is here employed as an accessory to the usual criteria for the diagnosis 
or exclusion of myocardial necrosis in patients with precordial pain. The results described indicate 
that the test is negative in the “premonitory” preinfarction phase of acute myocardial infarction, 
positive in the presence of classic electrocardiographic evidences of acute “transmural” infarc- 
tion, negative in coronary insufficiency without acute myocardial necrosis, and positive when 
various complications arise, sometimes even when the erythrocyte sedimentation rate and other 
screening tests fail. Despite the fallibility of the C-reactive protein test by reason of its non-speci- 
ficity, it may have a place of limited usefulness in this connection, and deserves further exploration. 


Hypochromic Anemia with Hyperferricemia Responding to Oral Crude Liver Extract 
DANIEL L. HorriGAN, RICHARD M. WHITTINGTON, RussELL WEISMAN, JR. 
AND JOHN W. Harris 


Two unusual cases of hypochromic anemia, one with pigment cirrhosis of the liver, are presented. 
The anemia was characterized by hypochromia, morphologic abnormalities of the erythrocytes and 
bone marrow evidence of erythroid maturation arrest. Serum iron levels were high, with increased 
saturation of iron binding capacity. There was little response to iron, vitamin Bj», folic acid or 
leucovorin but a crude liver preparation proved to be effective. The implication is that the patients 
described reflect failure to utilize iron for synthesis of hemoglobin due to deficiency of a substance 
not supplied by iron, refined liver extracts, folic acid or leucovorin but present in crude liver extract. 


Review 


Agnogenic Myeloid Metaplasia. Its Natural History and Present Day Management 
JAMES W. LINMAN AND FRANK H. BETHELL 


Lhis is a timely and welcome review of current concepts concerning a not infrequent disorder which 
has been the subject of much confusion and controversy. The authors base their views upon a solid 
experience of fifty-six cases which are analyzed with circumspection. They conclude that agnogenic 
myeloid metaplasia, whatever its antecedent or terminal aspects, is a disease sui generis, distinct 
from leukemia, and “most likely a manifestation of a myeloproliferative process involving all ele- 
ments, both hemic and stromal, which develop from the myeloid reticulum” in response to an un- 
identified stimulus. They describe the characteristic clinical course and the anomalies in blood cell 
morphology, emphasizing the prevalence of peripheral erythrocyte malformation and thrombocy- 
tosis and discounting the increase in immature granulocytes. Problems of management, in particu- 
lar the disputed place of splenectomy, are discussed rationally. 
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If taken at the first indication of prodromal symptoms, Wigraine 
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Wigraine tablet disintegrates quickly, and acts promptly, less medi- 
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Wigraine combines, in an uncoated tablet, ergotamine tartrate 
and caffeine to control vascular headache; belladonna alkaloids 
for nausea and vomiting; and acetophenetidin to relieve occipital 


muscle pain. 

Formula: Each Wigraine tablet contains 1 mg. ergotamine tartrate, 
100 mg. caffeine, 0.1 mg. of belladonna alkaloids (levorotatory) *, 
and 130 mg. acetophenetidin. 

Supplied: Individually foil-stripped and packaged in boxes of 20. 
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Seminar on Bone Diseases 


Emerging Concepts of the Structure and Metabolic Functions of Bone 
W. F. NEuMAN AND M. W. NEUMAN 


This lively presentation offers the Neumans’ current views (subject, as they indicate, to change 
without notice) on the chemistry and ultrastructure of bone, and the physiologic aspects of bone 
formation and mobilization. Substantial progress has been made in elucidating the composition and 
surface chemistry of bone, to which the Neumans have themselves made important contributions, 
referred to here. The mechanisms of calcification of cartilage, of bone formation, of maintenance of 
the steady state of bone metabolism, and of mobilization of bone remain obscure, however, and the 
scanty available facts must, for the present, be pieced out with speculations. 


Clinico-pathologic Conference 


Dyspnea, Weakness and Ocular Pain 


Clinico-pathologic Conference (Washington University School of Medicine). 


Case Reports 


Idiopathic Endomyocardial Necrosis , . Grant N. STEMMERMANN 
Dr. Stemmermann has some unorthodox speculations about the pathogenesis of idiopathic endo- 
myocardial necrosis in general and, in particular, the association with pancreatitis noted in the case 


described. 


Occluding Thrombus of the Right Atrium. Intermittent Tricuspid Occlusion in a Case 
of Atrial Infarction with Mural Thrombosis 
E. D. PELLEGRINO, E. V. OLMSTEAD AND G. B. ‘TOMPKINS 


An interesting case of intermittent tricuspid valve occlusion by a large mural thrombus implanted 
upon the site of an atrial infarct. 


Salt-losing Nephritis with Fixed Urinary Composition 
Harvey C. KNow es, Jr., HowArpD LEvITIN AND ALBERT BRIDGES 
This is an interesting report of a patient with presumed pyelonephritis and excretion of urine of 
relatively fixed composition involving excessive loss of sodium. Relatively high sodium intake was 
required for prevention of symptoms of sodium depletion. The authors lean to the concept of 
tubular excretion of some water and sodium, with impairment of this mechanism to explain the 
findings in this case. 


Observations Concerning the Origin of Shock Associated with Acute Cor Pulmonale 
ARTHUR SELZER AND HERBERT W. BRADLEY 


The authors had an unusual opportunity to study the sequence of hemodynamic events accom- 
panying the development of shock due to pulmonary embolism and acute cor pulmonale. Their 
findings clarify the mechanisms of “‘cardiogenic’”’ shock. 
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Lesions Resembling Vitamin B Complex Deficiency and Urinary Loss of Zinc Pro- 
duced by Ethylenediamine Tetra-acetate 

H. MircHecy Perry, JR. AND HENRY A. SCHROEDER 

The authors describe some unusually intriguing observations made in the course of protracted 

administration of the chelating agent, EDTA, in a patient with amyloid nephrosis. These include 

lowering of the serum cholesterol, development of mucocutaneous lesions resembling acute avita- 

minosis B and an outpouring of zinc in the urine as the result, presumably, of chelation. The last 


two phenomena might be causally related. 
Metal Fume Fever . A. Irvinc SwWILLER AND HELEN EMMER SWILLER 


As the authors point out, more general information about the acute illness caused by exposure to 
zinc fumes would be beneficial to physician and patient alike. 


Advertising Index on Page 97 


Change of address must reach us one month preceding month of issue. 


| 11 
173 


with antibiotics 


Ya 


SEMINAR FOR THE AMERICAN JOURNAL OF MEDICINE TO BEGIN JANUARY 1956 
SEMINAR ON BONE DISEASE 


January—Mechanisms of Bone Forma- 4. April—The Course and Prognosis of 
tion Reticuloendotheliosis 
Dr. WittiaM F. NeEuMAN Dr. Mary ELLEN AVERY 


University of Rochester School of Medicine Johns Hopkins Hospital 
Rochester, N. Y. Baltimore 5, Md. 


February—Calcium and _ Phosphorus 5. May—Osteoporosis 


Metabolism 
r. Freperic C. BARTTER 
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synergistically to restore and maintain capillary 
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1 Ae (6 days—37.5 mg.) # pathology 

effect lasts longer Suopension 

r.B.A.—20 mg./cc. of predniso- 

than that provided | Prednisolone Acetate’ days—20 mg.) lone in 


5-cc. vials. 


12 13 
DIVISION OF MERCK @CO., INC. 
PHILADELPHIA 1, PA. 


1. Hollander, J. L., Paper read at conference in New York City, May 31 and June 1, 1955 
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In Angina Pectoris © 
when every 
moment counts 


Reliet in 
10 to 80 Seconds 


Medihaler...the Unique Measured-Dose Inhalation Principle 


® More rapid relief than from sublingual nitroglycerin be- 
cause pulmonary portal of entry affords most direct route... 
only the single-cell barrier of alveolar lining to cross. 


® Each measured dose of Medihaler-Nitro delivers 0.25 mg. 
of octyl nitrite, equivalent in vasodilating action to 1/100 
gr. nitroglycerin. 


® In contrast to amyl nitrite, Medihaler-Nitro has no irritat- 
ing odor. . . is virtually free from side actions . . . and vasodi- 
lating effect lasts longer. 


© Medication and Adapter fit into neat plastic case, conven- 
ient for pocket or purse. 


® Economical...each 10 cc. bottle delivers 200 metered 
doses .. . no deterioration with age. 


Note: First prescription should include medication 
and Medihaler Oral Adapter. 


Pentoxylon’ 


Reduces incidence and severity of anginal attacks. Each 
long-acting tablet contains pentaerythritol tetranitrate 
(PETN) 10 mg. and Rauwiloid® (alseroxylon) 1 mg. 
Patients on Pentoxylon suffer fewer anginal 

attacks. Riker 


LOS ANGELES 
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AN IMPORTANT CLINICAL CONSIDERATION: 


the rising incidence of moniliasis since the introduction 
of broad spectrum antibiotics 


EXAMPLE: Candida albicans (monilia) as a cause of vaginitis” 


L946 1950 


| 


| 


| 
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Trichomonas Monilia Trichomonas Monilia 


The use of any antibiotic may cause the troublesome and _potentially serious 
complication of monilial superinfection by suppressing the bacterial flora of the 
intestinal tract and allowing monilia to proliferate. 


“Even one day of therapy may be sufficient to provoke an unfavorable chain of 
events and this fact should be kept in mind whenever a patient is to receive an oral 
antibiotic for even a minimal period of time.”” 
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‘ebilitated or elderly patients 
patients requiring high or prolonged qatibiotic dosage 
infants—particularly prematures 


patients receiving concomitant cortisone or related 
steroid therapy 


diabetie patients 


patients who have developed a monilial complication 
on previous broad spectrum therapy 


women—particularly during pregnancy 


because the danger of monilial superinfection is greatest in 


ining the 
(Squibb Ny: 


= 
fe 
clin sules: 250 mg. Steclin (Squibb Tetracycline) Hydrochloride aid 
(Squibb INYS tin), bottles of 16 and 100 
Mysteclin Half Strength Capsules: 125 mg. Stecli ibb T. 
: in ibb Tetracycline) Hydra 
Mycostatin (Squibb Nystatin), bottles of 16 
pe fruit-flavored oil suspension conta valent of 125% 


Leq 


A 27-year-old man, a chronic alcoholic, was admit 


tory of an alcoholic spree followed by a cough, ¢ eenish 


and chills and fever. 

Physical examination Showed a temperature of 104 F 
indicated pneumonia in the right lowe: lobe. This was confi 
by X-ray. The sputum revealed gram-positive diplococe; 
blood culture subsequently grew Type VI] Pneumococej. 

The patient was treated with erythromycin, 300 Mg. every six 
hours per os. His temperature dropped to normal by 48 hours and 
X-ray of the chest revealed considerable clearing by the fourt} 
hospital day. After 10 days hospitalization, the patient Was fit 


for discharge, ! 


“inst Antibiotics Symposium, we reported the Successiul treatrn, nt with 
mromycin of H. influenzae pneumonia and bacteremia, A second patient 
ith Hf influenzue pneumonia and bacteremia had @ clinical’ course almost 
identical to the one previously reported, with cure obtained by treatment with 
O00 mg. of erythromycin per os every four hours for 14 days. 
Of these 132 patients with bacterial pneumonia, 127 (96%) had a £00d clinica) 
result. One patient With lobar Pheumonia had a good initia] respops 


delayed resolution af Ba tr 
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Hag Speolivre in 


In one investigation, 75 adult patients with bacterial pneumonia 
were treated with erythromycin. In his summary, the clinician re- 
ported: ‘‘It is concluded that erythromycin is highly effective in the 
treatment of pneumonia due to gram-positive bacteria.’” 

This, of course, is only one of many reports showing the effective- 
ness of ERYTHROCIN against coccic infections. You'll get the same 


good results (nearly 100% in common, bacterial re- OB Gott 
spiratory infections) when you prescribe ERYTHROCIN. 


Erythrocin 


(Erythromycin, Abbott) 


STEARATE 


Seuous Ocewrred 2 


~ 


: 


annual 


After a study of 171 patients treated with erythromycin, the investi- 
gator wrote: “‘No serious side effects occurred with prolonged therapy 
or with doses up to 8 Gm. per day in the severe infections.’’! 
Actually, ERYTHROCIN stands on a remarkable record of safety. 
After four years, there’s not a single report of a severe or fatal reac- 
tion attributable to erythromycin. In addition, you’ll find allergic 


manifestations rarely occur. Filmtub ERYTHROCIN 
Stearate (100 and 250 mg.), in bottles of 25 and 100. bbott 


® Filmtab—Film-Sealed tablets, Abbott; pat. applied for. 


. Romansky, M.J., et al., Antibiotics Annual 1955-1956, p. 48, 
. Waddington, W. S., Maple, F. C., and Kirby, W. M. M., 


A.M.A. Archives of Internal Medicine, 1954, p. 556. 
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10 Billion 


Control (no antibiotics) 


100 Million 


10 Million 
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r=) 
a 
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1 Million 
= 
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a 
Albamycin, .16 mcg./mi. 
100 Thousand 
| 
Combination | 
Penicillin .0003 meg./mi. 
Albamycin .08 mcg./mi. 


Such a product is available now 10 Thousand 


“TRADEMARK, REG. U.S. PAT. 
THE UPJOHN BRAND OF | 


CRYSTALLINE NOVOBIOCIN SODIUM. 

DATA: UPJOHN RESEARCH LABORATORIES (3265-ARB-119) 


0 2 4 6 6 10 12 14 16 18 20 22 
Time in hours 


Number of living organisms per milliliter 


average dosage only t.i.d. 


antibiotic 
synergism 


The three gray lines of this graph show the 
growth rate of a penicillin-sensitive strain of 
Staphylococcus (Micrococcus pyogenes, var. 
aureus) under 3 conditions: 
1. In the absence of antibiotics 
2. In the presence of subinhibitory concen- 
tration of penicillin 
3. In the presence of subinhibitory concen- 
tration of Albamycin* 
Even half these subinhibitory concentrations of 
penicillin and Albamycin, when combined, (biack 
line) produce a dramatic bactericidal effect. 


‘Alba-Penicillin 


(Albamycin plus penicillin) 


Compare it with 
the antibiotic you are 
currently using: 


Range of effectiveness: Alba-Penicillin is 
effective against the organisms that cause the 
overwhelming majority of bacteria! infections 
(Staphylococci, Streptococci, Pneumococci, 
Proteus). 


Risk of resistance: Because in vitro tests 
show this combination is synergistic against 
even Staphylococci already resistant to all other 
antibiotics, the risk of resistance is minimized. 


Risk of enterocolitis: Because it has little 
or no effect on the predominant Gram-negative 
intestinal bacteria, and is highly effective 

Staphylococci, there is virtually no dan- 


against 

_ ger of enterocolitis due to alteration in intestinal 
_ flora, or of other side effects such as perianal 
Convenience: Aiba-Penicillin is oral therapy, 


and the average adult dosage is only 1 to 2 cap- 


salable in bottles of 16 capsules. Each 


26 
aA 
Billion 
| 
| | 
Penicillin, mcg./mi. 
FS 
o } 
| | | | | biocin sodium, crystailine) and 250,000 units 
| | penicillin G potassium. 
| THE UPJOHN COMPANY, KALAMAZOO, MICHIGAN 
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METICORTEN 


PREDNISONE 


excellent relief of pain, swelling, ten- 
derness; diminishes joint stiffness— 

facilitates early physical therapy— a 
expedites rehabilitation As 


dietary regulations usually unneces- 
sary 


minimizes incidence of electrolyte 
imbalance 
1, 2.5 and 5 mg. tablets 


METICORTEN,”* brand of prednisone. 
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This is “the most 


valuable drug that 


has been introduced 
for the treatment of 
ulcerative colitis” in 

recent years.' Results 
of treatment with 


Azulfidine “far exceed 


those of any previous 


drug used”.? “It has been 
effective in controlling the AR f ‘ d ine. 


GRAND OF SALICYLAZOSULFAPYRIDINE 


disease in approximately 
two-thirds of patients 
who had previously 
failed to respond to 
standard colitis therapy 


currently in use.”° 


. Barcen, J. A.: “Present Status of Hormonal 
and Drug Therapy of Ulcerative Colitis”, 
South. M. J. 48: 192 (Feb.) 1955. 

. Barcen, J. A. and Kennepy, R. L. J.: “Chronic 
Ulcerative Colitis in Children”, Postgrad. 
Med. 17: 127 (Feb.) 1955. 

- Morrison, L. M.: “Response of Ulcerative 
Colitis to Therapy with Salicylazosulfapyridine”, 


PHARMACIA LABORATORIES, INC. 
270 Park Avenue, New York 17, N.Y. 
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ANNOUNCING... 


BIOPAR’ FORTE 


TA TF 


containing non-inhibitory intrinsic factor 


providing ‘parenteral therapy” in a tablet 


4 


EX 2 tablets a day provide the same rapid and intense 
J hemopoietic response as that obtained from injectable Bj2 


Biopar Forté, a new development in oral vitamin Bj2 
therapy, contains non-inhibitory intrinsic factor superior 
to the ordinary factor preparations. The non-inhibitory 
factor permits optimal absorption of vitamin B}2 at ther- 
apeutic dosage levels. Thus, stated potency and actual 
hemopoietic potency are more nearly equal than in vita- 
min Bi2 products containing the ordinary intrinsic factor. 

Biopar Forté is also useful as an aid to nutrition, appe- 
tite, growth and convalescence; to correct deficient intes- 
tinal absorption of vitamin B12 particularly in elderly 
patients; and to relieve minor muscle and nerve pains, 
especially of neuritic origin. 


Each Biopar Forté tablet contains: Supply: Bottles of 30 tablets 


Vitamin By with Intrinsic Factor Concen- 
trate (non-inhibitory) 4% U.S.P. Unit (Oral) * Attention: Store in a cool place 
Vitamin By» (activity equivalent) 25 mcg. 


*Unitage established prior to compounding 


THE ARMOUR LABORATORIES 
A DIVISION OF ARMOUR AND COMPANY + KANKAKEE, ILLINOIS 
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Even stubborn 


trichomoniasis yields... 
because Tricofuron 


is effective 


during menstruation, 


the critical time 


for therapy. 


TRICOEFN 


Recurrences of trichomoniasis “are most likely 


to follow the menstrual period.”' 


“Over and over again today patients are seen 
with what is said to be an intractable, treatment- 
resistant Trichomonas infestation, but history- 
taking often reveals that such patients have never 
had treatment prescribed during any menstrual 


period. 


Menstrual blood in the vagina “forms an ex- 
cellent medium for the rapid multiplication of T. 
vaginalis”* and “lowers the acidity of the vagina 
and hence there is a tendency to recrudescence 


[of trichomoniasis] at that time.””* 


Tricofuron is powerfully trichomonacidal 
“even in the presence of vaginal debris and men- 


strual blood.’”* 


RO! 


For 44 of 48 patients: lasting cure was obtained 
with a single course of Tricofuron therapy.” 


Vaginal Suppositories—for home use—each morn- 
ing and night through one cycle, including the im- 
portant menstrual days. Contain 0.25% Furoxone* 
(brand of furazolidone) in a water-miscible base. 
Box of 12, each sealed in green foil. 


Vaginal Powder—for office use—applied by the 
physician at least once a week, except during men- 
struation. Contains 0.1% Furoxone in an acidic 
powder base of lactose, dextrose, citric acid and a 
silicate. Bottle of 30 Gm. 


References: |. Bernstine, J. B., and Rakoff, A. E.: Vaginal Infections, 
Infestations and Discharges, New York, The Blakiston Company, Inc., 
1953, p. 235. 2. Overstreet, E. W.: Arizona M. 10:383, 1953. 
3. Schwartz, J.: Obst. Gyn., N. Y. 7:312, 1956. 4. Crossen, R. J.: 
Diseases of Women, St. Louis, The C.V. Mosby Company, 1953, p. 292. 


EATON LABORATORIES @ vovwice NEW YORK 


Nitrofurans—a new class of antimicrobials—neither antibiotics nor sulfonamides 


e 


THE CASE 
FOR EARLY CONTROL 


OF HYPERTENSION’ 


In the Guest Editorial for GP in July, Dr. Edward D. Freis 


reexamines two major questions: 


1. Should Hypertension Be Treated Early? Freis 
finds the case for early treatment to rest on cause-and- 
effect evidence: “. . . high pressure, .. . and nothing else 
but this high pressure, creates many if not all the organic 
manifestations that lead to the final disability and eventual 
death of the patient.”” The “evidence presents a cogent 
argument for the treatment of hypertension early before 


vascular damage has occurred.’”! 


2. What Is the Role of the More Potent Agents? 
the evidence ...suggests that the technique [for the 
effective and safe use of such agents as ANSOLYSEN] 
should be more widely learned and employed. Further- 
more, .. . the patients with early hypertension, especially 
those without renal damage, are far more easily con- 
trolled, with fewer side effects, than the patients with 


advanced hypertension.’’! 


Freis cautions that these views are not presented as dogma; 
«, . they have been developed to show the other side of 


an argument that seems to have many points in its favor.’”! 


1. Freis, Edward D.: Guest Editorial. GP 14:72 (July) 1956. 


ANSOLYSEN 


TARTRATE Pentolinium Tartrate 


Lowers Blood Pressure 


Wyeth 


Philadelphia 1, Pa. 
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Medihaler Medihaler 
Means self-powered, uniform, Means notably safe and effec- rie 
measured-dose inhalation ther- tive therapy when indicated for \ 
apy... made possible by specially children. Medication is in leak- 
designed metered-dose valve... | ‘ proof plastic coated bottles... 


Medihaler 


> 
Means true nebulization. Each N ic d hale 
measured dose provides 80 per Medication and Adapter fit into neat 
cent of its particles in the opti- plastic case, convenient for pocket 
mal size range—0.5 to 4 microns or purse... 
radius—insuring effective pene- 
tration of the respiratory tract. 


Medihaler Medihaler 


Means greater economy—no 
costly glass nebulizers to re- 
place, and one or two inhalations 
usually suffices for prompt relief. 


Means an unbreakable Oral 
Adapter—no movable parts— 
no glass to break—no rubber 
to deteriorate... 


The Unique Measured-Dose Inhalation Method 


In Asthma 


For Rapid Relief of Acute or Continuing Bronchospasm 
Medihaler-Epi Medihaler-lso 


Riker brand of epinephrine 0.5% solu- Riker brand of isoproterenol HCl 

tion in inert, nontoxic aerosol vehicle. 0.25% solution in inert, nontoxic aero- 

Each ejection delivers 0.125 mg. epine- sol vehicle. Each ejection delivers 0.06 

phrine. In 10 cc. vial with metered- mg. isoproterenol. In 10 cc. vial with 

dose valve, sufficient for 200 inhalations. metered-dose valve, sufficient for 200 
inhalations. 


Medihaler-Epi re inj ine- 

hri . P places injected opane Note: First prescription for Medihaler medi- 
phrine in emergency situations in which cations should include the desired medication 
respirations have not ceased. It provides and Medihaler Oral Adapter. 

rapid relief in acute food, drug, or pollen 

reactions (including urticaria, broncho- 

spasm, angioneurotic edema, edema of 

glottis, etc.). In most instances only 

one inhalation is necessary. 
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NEW 


Rheumatoid Arthritis 


| { 


announcing 


LIPO GANTRISIN 


‘Roche’ 


For round-the-clock therapy 
With two doses a day 


Lipo Gantrisin ‘Roche’—a new, palatable 
liquid for antibacterial therapy— offers 
three significant features: 


1. Only two doses a day needed 
in most cases 


. Adequate twelve-hour blood levels 
after a single dose 


. Same therapeutic advantages as 
Gantrisin ‘Roche’ 


Lipo Gantrisin® Acetyl—brand of 
acety! sulfisoxazole in 
vegetable oil emulsion 
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combating the 
aging complex 


promotes vigor 
and vitality 


* later 
Kapseals® 


mineral-vitamin-hormone supplement 


favorably alters concomitants of aging 


vitamins and minerals 
to help maintain cellular function 


enzymes to aid digestion 
amino acids to help maintain nitrogen balance 


steroids to stimulate anabolism 


* TRADE-MARK 


rn” 


PARKE, DAVIS & COMPANY + DETROIT 32, MICHIGAN 
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Kapseals® 


comprehensive physiologic supplement 


each Kapseal contains: 


VITAMINS 


Vitamin A 

Vitamin B, mononitrate 
Ascorbic acid 
Nicotinamide 

Vitamin Ba 

Vitamin Bs, 


Vitamin B,2 with intrinsic 
factor concentrate 


Folic acid 
Choline bitartrate 
Pantothenic acid 


(as the sodium salt) 
MINERALS 


Ferrous sulfate (exsiccated) 
lodine (as potassium iodide) 
Calcium carbonate 


DIGESTIVE ENZYMES 
Taka-Diastase® 


Pancreatin 


PROTEIN IMPROVEMENT FACTORS 


I-Lysine monohydrochloride 
di-Methionine 


GONADAL HORMONES 


Methyl testosterone 
Theelin 


DOSAGE: 


1,667 Units (0.5 mg.) 
0.67 mg. 

33.3 mg. 

16.7 mg. 

0.67 mg. 

0.5 mg. 


0.033 USP Unit (oral) 
0.1 mg. 
6.67 mg. 


20 mg. 
133.3 mg. 


66.7 mg. 
16.7 mg. 


1.67 mg. 
0.167 mg. 


One Kapseal three times daily before meals. 
‘ Female patients should follow each 21-day course 


with a 7-day rest interval. 


PACKAGING: 


ELDEC Kapseals are available in bottles of 100. 


$0083 


66th YEAR OF PUBLICATION 


The Leading Independent Surgical Journal 


PRESENTS THE PAPERS OF 
The American Association 
for the Surgery of Trauma 


The Pacific Coast Surgical Association 


The American Society of Maxillofacial Surgeons 


OTHER REGULAR FEATURES . 


Modern Operative Technics 
Practical Surgical Suggestions 


START YOUR SUBSCRIPTION WITH THIS ISSUE 


The American Journal of Surgery 
49 West 45th St., New York 36, N. Y. 
Please enter my subscription to The American 
Journal of Surgery. Yearly $15.00 U.S.A.— 
$16.00 Canada—$17 Foreign 
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treat 


depression 
fatigue 
hypochondriasis 


somatically 


psychically 


- safely 


with new 


Dexazyme” 


For the first time in the treatment of de- 
pression, improvement in mentation and 
metabolism and mood is now possible 
with a single therapy—Dexazyme. 


Dexazyme elevates mood by combining 
low, safer dosages of dextro-amphetamine 
with Pentrazol.* 


Dexazyme improves mentation and clarity 
of consciousness through action of Pentrazol 
and niacin. 


Dexazyme enhances metabolism by pro- 
viding niacin, thiamine, riboflavin and ascorbic 


acid. *hrand of pentylenetetrazo! 


R Dexazyme #60 Sig.:1 (or 2) 


A 


capsules, t.i.d. with meals 


G RAY PHARMACEUTICAL CO., INC. 


NEWTON 58, MASSACHUSETTS 
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FOR 


ulcerative colitis 

irritable colon 

mucqgus colitis 

x spastie colitis 
Cf diverticulitis; diverticulosis 


rectospasm 


diarrhea following G.I. surgery 
\ \ and paras asitic disorders 


For more detailed information, request Brochure No. NDA 16, 
Lakeside Laboratories, Milwaukee 1, Wisconsin. 
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announcing 


EFFECTIVE 


relieves pain, cramps, bloating 
curbs diarrhea 
helps restore normal tone and motility 


SELECTIVE 


avoids widespread autonomic disturbance 
unusually free of “antispasmodic” side effects 
avoids urinary retention 


HOW CANTIL BENEFITS COLON PATIENTS 


CANTIL has a markedly selective anticholinergic 
action on the colon with little or no effect 

on stomach, small intestine and bladder. 

In clinical studies 3 out of 4 patients obtained 
relief of symptoms and less than 10 per cent 
had any significant side effects. 


HOW CANTIL IS PRESCRIBED 


One or two tablets three times a day preferably with 
meals and one or two tablets at bedtime. 


CANTIL—TWO FORMS 
CANTIL (plain) — 25 mg. of CANTIL in each scored tablet — bottles of 100. 


CANTIL with Phenobarbital — 25 mg. of CANTIL and 16 mg. 
of phenobarbital (Warning: May be habit forming.) in each 
scored tablet — bottles of 100. 

CANTIL is the only brand of N-methyl-3-piperidyl 
-diphenylglycolate methobromide. 


LAKESIDE 
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for added certainty 


in antibiotic therapy... 


multi-spectrum' 
synergistically ra | 
strengthened 


antimicrobial spectrum 
of tetracycline extended and 
potentiated to include even 
those strains of staphylococci 
and other pathogens resistant 
to previously employed anti- 


Sigm amycll biotic therapy ; and to provide 


oleandomycin ].a new maximum in thera- 
| peutic efficacy 


2. anew maximum in protection 
against resistance 


CHAS PFIZER & 
3, anew maximum in safety and 
toleration 


Capsules : 250 mg. (oleandomycin 
83 mg., tetracycline 167 mg.) 


World leader in antibiotic development and production 


"Trademark 


a AUTON. Fed 
ducensina 


plus a new maximum in 


..now available 
with new 


mint -flavored 


OLEANDOMYCIN TETRACYCLINE 


RAL SUSPENSION 


A savory mint flavor that adds the fur- 
ther certainty of acceptability to anti- 
biotic therapy, particularly for that 90% 
of the patient population treated in the 
home or office where sensitivity testing 
may not be feasible, and where pleasant 
flavor can make the difference between 
prescription adherence and laxity. 


Sigmamycin for Oral Suspension 

is available in 2 oz. bottles containing 1.5 Gm. of 
Sigmamycin (oleandomycin 500 mg., tetracy- 
cline 1 Gm.). When reconstituted each 5 cc. tea- 
spoonful contains 125 mg. of Sigmamycin 
(42 mg. of oleandomycin as the phosphate salt 
with tetracycline amphoteric equivalent to 
83 mg. of tetracycline hydrochloride). 


PFIZER LABORATORIES, Brooklyn 6, N.¥ 
Division, Chas. Pfizer & Co., Inc. 
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REEZE-DRY INSTRUMENTS 


Reliably and Indefinitely 


preserve precious 
living cells! 


ANTIBIOTICS e ANTISERA e VACCINES 
TISSUE e BONE e BLOOD 
FOOD PRODUCTS 


Aminco’s renowned Freeze-Dry instruments are 
being used the world over by research scientists to 
preserve precious biological specimens and various 
other types of living cells. The illustration at top left 
was taken in a U. S. Department of Agriculture Lab- 
oratory where an ingenious arrangement was devel- 
oped to freeze-dry simultaneously 100 samples of 
Brucella-abortus culture, ultimately used for inocu- 
lation of cattle. 


At bottom left, a University of Maryland scientist 
uses an Aminco Freeze-Dry to preserve virus, in re- 
search work being conducted on the common cold. 


Aminco manufactures three models of Freeze-Dry 
instruments: the Universal (Cat. No. 5-7800; 
$2,730), which is a complete Freeze-Dry Labora- 
tory incorporating a special freezing compartment for 
shell-freezing samples and a self-contained refrigera- 
tion unit; the Laboratory Model (Cat. No. 5- 
7810; $1,750), which is built on a smaller scale 
than the Universal, designed for laboratories with 
limited floor space; and the small Bench Model 
(Cat. No. 5-7820; $896), which takes up only 
22 x 25 x 28 inches of bench space. 


All models are described in 
AMINCO BULLETIN No. 2272-A 


sent free upon request 


AMERICAN INSTRUMENT 
COMPANY, INC. In Metropolitan 


Washington, D. C. 
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A brighter outlook comes 
with a “sense of well-being” 


Every woman who suffers in the menopause deserves “Premarin.” 


“Premarin” provides prompt relief from distressing symptoms and 
an added “sense of well-being.” 


“Premarin,” available as tablets and liquid, presents the complete 
equine estrogen-complex. Has no odor, imparts no odor. 


"PREMARIN" 
R 
Conjugated estrogen 


(equine) 


in the menopause and 
the pre-and postmenopausal syndrome 


ora AYERST LABORATORIES * New York, N. Y. * Montreal, Canada 
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WHENEVER 
COUGH THERAPY 
IS INDICATED 


odan 


(Dihydrocodeinone with Homatropine Methylbromide) 


Relieves cough quickiy and thoroughly # Effect 
lasts up to six hours permitting a comfortable 
night’s sleep = Controls useless cough without im- 
pairing expectoration = Rarely causes constipation 


ENDO LABORATORIES INC. 
Richmond Hill 18, New York 


1 of 
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Syrup and oral tablets. 
Each teaspoonful or tablet 
of HYCODAN®* contains 5 
mg. dihydrocodeinone bi- 
tartrate "and 1.5 mg. 
MESOPIN.t Average adult 
dose: One teaspoonful or 
tablet after meals and at 
bedtime. May be habit- 
forming. Available on. your 
prescription. 


matropine methylbromide aU, Pat 
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jor the average 


patient 


everyday practice 


@ well suited for prolonged therapy 
@ well tolerated, nonaddictive, essentially nontoxic 


@ no blood dyscrasias, liver toxicity, Parkinson-like syndrome 
or nasal stuffiness 


@ chemically unrelated to chlorpromazine or reserpine 
@ does not produce significant depression 


@ orally effective within 30 minutes for a period of 6 hours 


Indications: anxiety and tension states, muscle spasm. 


Milt own 


Tranquilizer with muscle-relazant action 


DISCOVERED AND INTRODUCED 
BY WW WALLACE LABORATORIES, New Brunswick, N.J. 


2-methyl-2-n-propyl-1 ,3-propanediol dicarbamate —U.S. Patent 2,724,720 
SUPPLIED: 400 mg. scored tablets. Usual dose: 1 or 2 tablets t.i.d. 
Literature and Samples Available on Request 


THE MILTOWN MOLECULE 


CM-3707-R2 
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PRECALCIN 
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ystalline 
300 
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AL CIUM PANTOTHENATE 


IDOXINE HC! 
FOLIC ACID 


FERROUS 
TRACE ELEMENTS” 
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apsule three times 
as prescribed 


(see gear panei) 


HIGH-POTENCY 
“FILL CAPSULES WITH “BUILT-IN” 


BORATOR 
IES, INC., MOUNT VERNON, N.Y 
A. 
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For use DURING PREGNANCY AND 
CAPSULE CONTAIN C | 
THIAMINE HC! pi 
1000 ™ 
bee 33 mg 
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wALKER LABORATORIES INC 


for | for 
profound prolonged . 
vasodilation vasodilation 
in acute in chronic 
vasospastic circulatory 
disorders. disorders 


increases peripheral 
circulation and 
reduces vasospasm by 
(1) adrenergic blockade, 
and (2) direct vasodilation. 
Provides relief 
from aching, numbness, 
tingling, and blanching 
of the extremities. 
Exceptionally 
well tolerated. 


BRAND OF AZAPETING 


HOFFMANN-LA ROCHE INC NUTLEY WJ. ETA-PYRIDYL CARBINOL 


RONIAGDL 


Conditions requiring diuretic treatment 
for sustained periods of time can be ideally 
controlled by Diamox. 


Diamox has been found strikingly effective in 
a variety of conditions: cardiac edema, 
glaucoma, epilepsy, toxemias of pregnancy, 
obesity, premenstrual tension. 


Administration of Diamox once daily or every 
other day results in adequate control of edema 
since DiAmox is effective in the mobilization 
of edema fluid and in the prevention of 

fluid accumulation. 


A versatile diuretic, DiAMox is well-tolerated 
orally, and even when given in long term 
dosage, side effects are rare. Excretion by the 
kidney is usually complete within 12 hours 
with no cumulative effects. 


Dosage can be adjusted to ensure a restful 
night. 


Supplied: Scored tablets of 250 mg. (Also 
in ampuls of 500 mg. for parenteral use.) 
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XYLOCAING XYLOCAINE 
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PHRINE } 50° 
bit MOUEOUS SOLUTION FOG vith EPINEPHRINE 1.100 007 aith EPINE 


with EPINEPHRINE 1100 00° 


XYLOCAINE | 7 
HYDROCHLORIDE 


vith EPINEPHRINE 1:1000% 


vith EPINEPHRINE 1:50.00 
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™) fastest acting local anesthetic— 
+ as safe as it is effective 


How safe is Xylocaine? In five years, over 500,000,000 injections of Xylocaine HCI Solution have 
been given for local anesthesia. “The apparent clinical safety of Xylocaine is gratifying, for without 
this quality, its additional properties would not warrant an enthusiastic report. Nor would safety 
alone call for a high recommendation unless additional desirable properties were to be found. The 
truth of the matter is, however, that Xylocaine approaches the ideal drug more closely than any other 
local anesthetic agent we have today.”* 


How effective is Xylocaine? Xylocaine HCI Solution produces more rapid, complete, and deeper 
anesthesia than other local anesthetics used in equivalent doses. By infiltration, Xylocaine gives 

a wide area of analgesia, and surrounding tissues are also anesthetized. The long duration of Xylocaine 
action reduces the need for additional injections. At the same time, it assures greater comfort to your 
patients for a longer period — often when they need it most. 


How does Xylocaine fit into my practice? Xylocaine is the ideal agent for local infiltration anesthesia 
because it is safe, fast acting and of long duration. It is used routinely in daily practice for countless 
minor surgical procedures such as closure of lacerations, removal of cysts, moles and warts; treatment 
of abscesses; and in the reduction of fractures. 


1s to use 


LOCAIN 


It has also become the choice of many physicians for therapeutic interruption of 
nerve function by temporary nerve blocks in herpes zoster, subdeltoid bursitis, 
fibrositis, myalgia of shoulder muscles, periarthritis due to trauma, and painful 
postoperative scars. The relief of pain in these conditions at times appears to be the 
most important part of treatment. 


The remarkable topical anesthetic properties of Xylocaine HCI Solution further 
enhance its usefulness for minor operations. Topical anesthesia can be obtained by 
spraying, by applying packs, by swabbing, or by instilling the solution into a 

cavity or on a surface. 


Xylocaine HCl Solutions are available in 2 cc. ampuls, 20 cc. and 50 cc. 
vials in strengths of 0.5%, 1% and 2%, with or without epinephrine. 


Bibliography of approximately 300 Xylocaine references upon request. 


*Southworth, J. L., and Dabbs, C. H.: Xylocaine: a superior agent for conduction 
anesthesia, Anesth. & Analg. 32:159 (May-June) 1953. 


Astra Pharmaceutical Products, Inc., Worcester 6, Mass. 


if 
i; 
= 
“~ 
= 
= 
£ 


quicker relief 
and shortened disability 


in Herpes Zoster and Neuritis 


© 
Protamide 
.. Five Year Clinical Evaluation 


With only one to four injections of Protamide® prompt 
and complete recovery was obtained in 84% of all herpes 
zoster patients and in 96% of all neuritis patients treated ie a 
during a five-year period by Drs. Henry W., Henry G., 
and David R. Lehrer (Northwest Med. 75:1249, 1955). 


The investigators report on a total of 109 cases of 
herpes zoster and 313 cases of neuritis, all of whom 
were seen in private practice. All but 

one patient in each category 

responded with complete recovery. 


This significant response is attributed to 
the fact that Protamide therapy was started 
promptly at the patient’s first visit. 


The shortening of the period of disability 
by this method of management is 
described as “a very gratifying experience 
for both the physician and the patient.” 


Protamide® is a sterile colloidal solution prepared 
from animal gastric mucosa... free from protein 
reaction... virtually painless on administration 
...used intramuscularly only. Available from 
supply houses and pharmacies in boxes of ten 
1.3 cc. ampuls. 


PROTAMIDE® 


Protamide 
...a product of —ferman Leboratories 


Detroit 11, Michigan 
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NOW AVAILABLE! 
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(Zoxazolamine,* McNeil) 


engestic coated 


(ENTERIC) 


PROMPT RELIEF IN LOW BACK PAIN 


With FLEXIN, “...17 of the 20 patients with 


post-traumatic muscle spasm of the low back had 


excellent or good responses."’' 


AVAILABLE: Tablets, Engestic Coated, pink, 
250 mg., bottles of 36. 
Tablets, scored, yellow, 250 mg., bottles of 50. 


1. Wallace, S. L.: Zoxazolamine (Flexin) in Low 
Back Disorders, to be published. 


*U.S. Patent Pending 


McNEIB I Laboratories, Inc - Philadelphia 32, 
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The synergistic action of Nembutal® 
and reserpine in Nembu-Serpin helps 
you avoid prolonged waiting for a cu- 


mulative response to reserpine alone. 


Patients experience a new sense of calm 


and well-being from the very first day 
of Nembu-Serpin treatment. 


And fast-acting Nembu-Serpin makes 
lower reserpine dosages effective, re- 
duces the incidence of side effects. Com- 


6 
| = H \ 
\ | \ | 
LNG = 
= (\ / | \\ 
\ 


calmer days...more restful nights 


~ 


bines 30 mg. Nembutal Calcium and 


aaNembu-Serpin 


for milder cases/for maintenance therapy: 
Nembu-Serpin is also available in 14 strength, 
combining just 15 mg. Nem- ®Filmtab— Film-sealed tablets 


butal Calcium and 0.1 mg. Obbott 
reserpine in each Filmtab. 


®Nembutal—Pentobarbital, Abbott 
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in 
pyelonephritis 
delay is 
dangerous... 


antibacterial 
concentrations in urine 


hrs. 


turbid urine frequently clear 


83 days 


most patients 
symptom-free 


FURADANT 


BRAND OF NITROFURANTOIN 


In the majority of 112 cases of acute, per- 
sistent or relapsing urinary tract infections 
“nitrofurantoin [FURADANTIN] was effective 
clinically, with a pronounced improvement, 
indicated by the appearance of the urine as 
well as by verbal commendation by the pa- 
tient, within 24 to 36 hours... Some of these 
patients with seemingly impossible cases were 
cured of their infection.”* 


FURADANTIN first because of these advantages: 
a specific for urinary tract infections + rapid 
bactericidal action + negligible development 
of bacterial resistance + nontoxic to kidneys, 
liver and blood-forming organs. 


for rapid eradication of infection 


— 


AVERAGE DOSAGE: ADULTS—four 100 mg. tab- 
lets daily; 1 tablet during each meal and | on 
retiring, with food or milk. In acute, uncom- 
plicated infections, 50 mg. q.i.d. may be pre- 
scribed. If patient is unresponsive after 2 to 
3 days, increase dose to 100 mg. q.i.d. 
CHILDREN—5 to 7 mg. per Kg. (2.2 to 3.1 mg. 
per lb.) per 24 hours. 

SUPPLIED: Tablets, 50 and 100 mg. Oral Sus- 
pension (25 mg. per 5 cc. tsp.). 


*Stewort, B. L., and Rowe, H. J.: J. Am. M. Ass. 160-1221, 1956 


ten EATON LABORATORIES, NORWICH, NEW YORK 


Nitrofurans—a new class of antimicrobiais—neither antibiotics nor sulfonamides 
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Supplied: White; 5 mg. oral tab- 
lets, bottles of 20 and 100. Pink, 
1 mg. oral tablets, bottles of 100. 
Both are deep-scored. 


*Schwartz, E.: New York J. Med. 
56:570, 1956. 
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in bronchial asthma 


«4 
brand of prednisolone 


whenever corticosteroids . 
are indicated 


provides restoration of breathing capacity — Relief of symptoms 
[bronchospasm, cough, wheezing, dyspnea] is maintained for long 
periods with relatively small doses.* 


minimal effect on electrolyte balance — “in therapeutically effective 
doses...there is usually no sodium or fluid retention or potassium 
loss.”* Lack of edema and undesirable weight gain permits more 
effective therapy particularly for those with cardiac complications. 


Brooklyn 6, New York 
Division, Chas. Pfizer & Co., Inc. 
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exempt narcotic —contains dihydrocodeinone bitartrate 
- the original syrup cocillana compound 
- delicious peach-like flavor 


in 2-ounce, 4-ounce, 16-ounce, and 1-gallon bottles 


PARKE, DAVIS & COMPANY + DETROIT 32, MICHIGAN « IP): 


PSORIASIS 


Proved Clinically Effective Oral Therapy — 


maintenance regimen may keep patients 
lesion-free. 


COMPLETE LITERATURE AND REPRINTS 
UPON REQUEST. JUST SEND AN Rx BLANK. 
LIPAN Capsules contain: Specially 


prepared highly activated, desiccated 


and defatted whole Pancreas: Thiamin - 
HCl, 1.5 mg. Vitamin D, 500 I.U. Spirt & Co., Inc. 


Available: Bottles 180’s, 500’s. WATERBURY, CONN. 


Copyright 1956 Spirt & Co, 
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Yor — 
300 “Kocke'— 


Advantages: 0.5 Gm Gantrisin plus 300,000 


units penicillin in a single tablet...hence 
high potency..e.ewide spectrum,..convenient 
therapy...enoO likelihood of secondary fungus 


infections or renal blocking. 


Limitations: There may be failures due to 


resistant strains...the usual precautions 
in penicillin-sulfonamide therapy should be 


observed, 


Gantricillin®; Gantrisin® -- brand of 


sulfisoxazole 


| 
| 
| 
| 
| 


For troubles* 


that are only 


skin deep 


(but very real to the patient) 


TASHAN 


Roche’ 


Stops itching...soothes...heals 


*Eczema 

Dry, scaly skin 
Chafing 

Diaper rash 
Prickly heat 
Pruritus ani, vulvae 
Superticial ulcers 
Contact dermatitis 
Minor burns 
Bedsores 


Contains vitamins 

A, D, E, and d-Panthenol 

in a non-sensitizing 
vanishing cream type base 
which will please the 

most fastidious patients. 


Original Research in Medicine and Chemistry 
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There are many short periods of time 
which, if measured correctly, are considered valuable 
diagnostic durations — such as the P-R interval in ECG interpretation, 
and the minutes during which a patient consumes oxygen in 
a BMR test. If the readings related to these measurements are to be used 
with complete confidence, it is wise to consider another important 
measure of time — and that is the background of the 
instruments which 
produced them. 


ont 


Sanborn 
Viso-Cardiette 


TESTED 


diagnostic team 


Sanborn 
Metabulator 


No one understands 
better than a physician 
that it takes time to 
become suitably proficient 
in a chosen work. The unmatched 
background of knowledge and experience making possible 
such fine instruments as the Viso-Cardiette and Metabulator 
did not come about overnight, and is the result of almost 
40 years of successful medical instrument development. Such 
a background assures you that it is safer to select Sanborn. 


SANBORN COMPANY, WALTHAM S54, MASSACHUSETTS 


2 
4 
J 
%, 
\ 
J 
“Al 
; 


When you specify PRENATAL 
DRI-KAPS throughout pregnancy 
and lactation, your patients bene- 
fit by these Lederle features: 


comprehensive, balanced multi- 
vitamin-multimineral prenatal 
supplement (including three anti- 
anemia factors) 


exclusive DRI-KAP formulation— 
dry-filled sealed capsules assuring 
no oily repeat, no aftertaste (a 
Lederle exclusive) 


e easy-to-swallow, convenient 


dosage 


filled sealed capsules 


LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, 
*Trademark—VITAMINS— MINERAL 


made in Lederle’s own labora- 
tories under exacting quality con- 
trol, your assurance of complete 
dependability 


Each capsule contain 

Vitamin A 

Vitamin D 

Thiamine Mononitrate 

Riboflavin (Be 

Niacinamide 

Vitamin Bi2 

Vitamin K (Menadione 

Ascorbic Acid (C 

Folie Acid 

Calcium (in CaHPO, 

Dicalcium Phosphate Anhydrous 
(CaHPOs4) 

Iron (in FeSO4) 

Ferrous Sulfate Exsiccated 

Manganese (in MnSO4 0.12 mg 

Phosphorus (in CaHPOs4) 190 me 

Dosage: 1 to 3 capsules, throughout pregnancy and 

Lactation 


2000 U.S.P. Units 

400 U.S.P. Units 

2 mg 

7 mg 

megm 

0.5 mg 

35 me 

1 mg 

250 mg 


869 Ing 
6 me 
20 mg 


PEARL RIVER, N. Y Lederle 
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a new measure in therapy 


of overweight 


PRELUDIN © 


brand of phenmetrazin yaorocnio 
... reduces risk in reducing 


A totally new development in anorexigenic therapy, PRELUDIN substan- 
tially reduces the risks and discomfort in reducing. 


Distinctive in its Chemistry: PRELUDIN is a totally new compound of the oxazine 


series. 


Distinctive in Effectiveness: In three years of clinical trials PRELUDIN has consist- 
ently demonstrated outstanding ability to produce significant and progressive weight 
loss through voluntary effortless restriction of caloric intake. 


Distinctive in Tolerance: With PRELUDIN there is a notable absence of palpitations 
or nervous excitement. It may generally be administered with safety to patients with 
diabetes or moderate liypertension. 


For your patient’s greater comfort: PRELUDIN curtails appetite without destroying 


enjoyment of meals...causes a mild evenly sustained elevation of mood that keeps 


the patient in an optimistic and cooperative frame of mind. 


Geiyy Recommended Dosage: One tablet two or three times daily taken one hour before 
; meals. Occasionally smaller dosage suffices. 
PreLudin™ (brand of phenmetrazine hydrochloride). Scored, square, pink tablets of 25 mg. 
Under license from C. H. Boehringer Sohn, Ingelheim. 


GEIGY/ PHAR MA C 
Division of Geigy Chemical Corporation + Ardsley, N.Y 
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GEIGY 


Wz 


is the word 


for Noludar 


Mild, yet positive in 


action, Noludar 'Roche' 


is especially suited gts, 


for the tense patient 
who needs to relax and 
remain clear—headed— 
or for the insomniac 
who wants a refreshing 
night's sleep without 
hangover. Not a 
barbiturate, not habit- 
forming. Tablets, 

50 and 200 mg; elixir, 
50 mg per teasp. 


Noludar® brand of methyprylon 
(3,3-diethyl-5-methyl- 
2,4—-piperidinedione) 


Original Research in 
Medicine and Chemistry 


Doctor, would it be helpful to you in your 


practice to know that there is a food avail- 


able at reasonable prices in the stores the 
year round having these attributes: 


1. One of the best ‘ protective” foods with a 
well-rounded supply of vitamins and minerals. 
2. Low sodium— very little fat—no cholesterol. 
3. One of the first solid foods fed babies. 

4. Useful in bland and low-residue diets. 

5. Mildly laxative. 


6. May be used in the management of both 
diarrhea and constipation. 


7. Can be used in reducing diets. 
8. Can be used in high-calorie diets. 


9. Useful in the dietary management of celiac 
disease. 


10. Useful in the dietary management of idio- 
pathic non-tropical sprue. 


11. Useful in the management of diabetic diets. 
12. Valuable in many allergy diets. 

13. A protein sparer. 

14. Favorably influences mineral balance, 


15. Useful in the management of ulcer diets. 


FOR THE NAME OF THIS FOOD, PLEASE TURN THE PAGE 
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The answer is 
BANANAS 


If you would like 


1. The authority for any of the statements 
made on the preceding page... 


2. Additional information in connection 
with any of them... 


3. The composition of the banana... 
4. The nutritional story of the banana... 


5. Information on various ways to prepare 
or serve bananas. 


Please feel free to write to 
Director, Chemical and Nutrition Research 
United Fruit Company 
PIER 3, NORTH RIVER, NEW YORK 6, N. Y. 


¥ 


REPRINT ORDER FORM 


THE AMERICAN JOURNAL OF MEDICINE, 49 W. 45th St., New York 36, N. Y. 


Please send me the following Seminars reprinted from the 
AMERICAN JOURNAL OF MEDICINE: 


O GASTROINTESTINAL PHYSIOLOGY $2.00 
O BLioop COAGULATION $2.00 
oO Anti HYPERTENSIVE Drucs $2.00 
oO ANEMIAS $2.00 
O CARBOHYDRATE METABOLISM $2.00 


Enclosed is my check 


NAME 
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a new alkaloid of 
rauwolfia—rescinnamine— 
for improved control of 
hypertension and tension... 


a thie sate be tte y-tole rate d 


a ntihype rte NS1VE 


and tranquilizing nut 


side cts le SS fie que nut 


and le SS Pronounce d 


Tablets: 0.25 mg., 0.5 mg. 


unwind patients gently with new 


ODERIL 


\ 
I (SCT) Prizer LABORATORIES, Division, Chas. Pfizer & Co., Inc.. Brooklyn 6. N. Y 


BRAND OF RESCINNAMINE 


& 


P , 
| 
| & / 
| 


Comparison of stability of penicillin G 
and penicillin V in acid media 


after 10 min., 35% 


after 30 min., 14% 


PENICILLIN G 
after 60 min., <1% 


after 60 min... lOO“; 


PENICILLIN V 


The penicillins have been subjected to 
a pH of 1.5 at 37°C. at the stated time 


Litty 


Quatity / RESEARCH /iwtecrity 


The penicillin designed specifically for oral administration 


V-CILLIN 


(Penicillin V, Lilly) 


*V-Cillin’ is the only penicillin that passes 
Dosage: 125 to 250 mg. (200,000 through the stomach without significant loss 
to 400,000 units) t.i.d. of potency and is rapidly absorbed in the 
Supplied: Pulvules—125 and duodenum. Thus, ‘V-Cillin’ usually gives 
250 mg. you a clinical dependability comparable to 
Pediatric suspensions— 125 and that of parenteral penicillin. In fact; the 
literature generally agrees that ‘V-Cillin’ 
ee eee eee can be effectively and safely used in many 


lin V with Triple Sulfas, Lilly), ag ; 
tablets and pediatric suspension conditions previously treated parenterally. 


733004 


ELI LILLY AND COMPANY «© INDIANAPOLIS 6, INDIANA, U.S.A. 
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Editorial 


Cardiovascular Shunts 


N the seventeenth century when Cesalpino' 
] and then Harvey? presented the thesis that 
the blood circulates, it remained for the anato- 
mist to define the channels of circulation. The 
heart, the large arteries and veins had been 
studied for centuries but it was necessary to 
postulate capillaries to explain what were be- 
lieved to be all the facts at that time. The dis- 
of the capillaries by Malpighi® thus 
seemed to make the entire system clear. It was 
not until two centuries later that it was realized 


covery 


this rather rigid picture was incomplete. 

In the latter half of the nineteenth century 
Sucquet* and then Hoyer® described tiny com- 
munications between small arteries and veins 
which were shunting mechanisms and, if the 
thickness of their walls was an index, were 
not concerned with diffusion between blood and 
tissues. After another hundred years of effort it 
now becomes clear that such small arteriovenous 
communications are normal components of the 
vascular system of most tissues and add to the 
flexibility of the circulation in adjusting to 
changes in the external as well as internal 
milieu.*? 

' CesALPINO, A. Quest. Medic., vol. 2, chap. 17, 
1593. Cited by Castiglione, A. A History of Medicine. 
Translated by Krumbhaar, E. B. New York, Knopf, 1941. 

2 Harvey, W. Exercitatio anatomica de motu cordis et 
sanguinis in animalibus. Frankfurt, 1628. William Fitzer. 

Matpicui, M. De pulmonibus. Epistolae u ad 
Borellium. Bologna, 1661. 

* Sucquet. Cited by Popoff, N. W. The digital vas- 
cular system; with reference to the state of glomus in in- 
flammation, arteriosclerotic gangrene, diabetic gangrene, 
thrombo-iangiitis obliterans and supernumerary digits in 
man. Arch. Path., 18: 295, 1934. 

5 Hover, H. Uber unmittelbare Einmiindung kleinster 
Arterien in Gefassaste vendésen Characters. Arch. f. 
mikr. Anat., 13: 603, 1877. 

6 CHAMBERS, R. and Zwerracu, B. W. Capillary endo- 
thelial cement in relation to permeability. J. Cell. Comp. 
Physiol., 15: 225, 1940. 

7 PRINZMETAL, M., Ornitz, E. M., Jr., Smmxin, B. and 


This teleologic analysis, however, does not 
explain the mechanism for the formation and 
growth of these shunts in fetal life. Their subse- 
quent function also is only partially understood. 
In the skin of the fingers and toes, for example, 
these anastomoses are believed to be important 
in heat regulation, whereas their exact function 
in the lung or kidney remains unclear. Perhaps 
they provide safety valves for the protection of 
capillaries from excessive and possibly damaging 
blood pressure and perfusion. Although tiny 
arteriovenous shunts normally occur in most 
tissues they are more numerous and larger in 
some parts of the body than in others. In the 
digits, there are about 450 per square centimeter 
of skin and when the blood vessels are fully 
dilated they may carry more than 90 per cent of 
the blood flow to the digit. The walls of these 
glomera are very muscular and are under sympa- 
thetic nervous (adrenergic) control. The exact 
amount of blood perfusing such anastomoses 
in other tissues is not known. 

Shunts between large blood vessels and within 
the heart, such as the ductus arteriosus and the 
foramen ovale, are normal only during fetal 
life. Patent ductus arteriosus and septal defects 
are in effect persistent and hence abnormal car- 
diovascular shunts. Auricular and ventricular 
septal defects usually produce shunts from left to 
right; but in large defects there may be both 
left to right and right to left admixture. Right 
to left admixture occurs in many congenital le- 
sions but most commonly in the tetralogy of 
Sandifort® (Fallot) in which a septal defect is 


BERGMAN, H. C. Arterio-venous anastomoses in liver, 
spleen and lungs. Am. J. Physiol., 152: 48, 1948. 

* Grant, R. T. and BLanp, E. F. Observations on 
arteriovenous anastomoses in human skin and in the 
bird’s foot, with special reference to the reaction to cold. 
Heart, 15: 385, 1929-1931. 

®SANDIFORT, E. Observationes Anatomico-Patho- 
logicae, vol. 1. Leyden, 1777. P. v.d. Eyk and D. Vygh. 
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associated with overriding aorta and pulmonary 
stenosis. Surgical correction of a left to right 
shunt usually consists of repair of the defect. In a 
right to left shunt a compensating left to right 
shunt may be established as in the Blalock- 
Taussig'® or Potts-Smith-Gibson" operations, 
chiefly to provide for increased pulmonary blood 
flow and hence a higher proportion of oxy- 
genated blood in the systemic circulation. The 
price for this kind of procedure is an increased 
circulatory burden on the heart with danger of 
subsequent congestive heart failure. Increased 
pulmonary blood flow can also be achieved by 
direct attack on the pulmonary stenosis!” but, 
more recently, adequate extracorporeal circula- 
tory technics have made it possible to repair 
both the defect and the stenosis directly. '* 

The major known causes for the development 
of abnormal shunts between vessels'* are trauma, 
infection and tumors. The popliteal, femoral 
or brachial arteriovenous shunt produced by a 
bullet or knife is known to most physicians. 
Familiar also are communications produced 
between the aorta and superior vena cava or 
between the aorta and pulmonary artery by 
syphilitic or other varieties of aortic aneurysm. 
What is not generally appreciated is that the 
multiple congenital arteriovenous shunts seen in 
so-called cirsoid aneurysms may also be caused 
by trauma or infection involving the fetus; also, 
in adulthood, multiple arteriovenous and other 
intervascular communications may be caused by 
chronic infection, especially in such structures as 
liver, lung, bone and skin. Such shunts, for exam- 
ple, are known to be produced in the lung by 
bronchiectasis. In bone, Paget’s disease may 
have the same effect. Sometimes, when shunts in 
a disease such as cirrhosis of the liver have been 

10Bratocx, A. and Taussic, H. B. The surgical 
treatment of malformation of the heart in which there is 
pulmonary stenosis or pulmonary atresia. J. A. M. A., 
128: 188, 1945. 


11 Ports, W. J., Smirn, S. and Grsson, S. Anastomosis 
of aorta to pulmonary artery; certain types in congenital 
heart disease. J. A. M. A., 132: 627, 1946. 

12 Brock, R. C. Pulmonary valvulotomy for the relief 
of congenital pulmonary stenosis. Brit. M. J., 1: 1121, 
1948. 

13 C. W., Conen, M., WarpeN, H. E. and 
Varco, R. L. The direct vision intracardiac correction of 
congenital anomalies by controlled cross circulation. 
Results in 32 patients with ventricular septal defects, 
tetralogy of Fallot, and atrio-ventricularis communis 
defects. Surgery, 38: 11, 1955. 

14 Hotman, E. Arteriovenous Aneurysm. Abnormal 
Communications Between the Arterial and Venous Cir- 
culations. New York, 1937. Macmillan Co. 


present for a sufficiently long period of time, 
angiosarcomatous growth may take place either 
uni- or multicentrically. Multicentricity of 
angiosarcomatous development is also seen in 
Kaposi’s disease of the skin which may be a 
special manifestation of this kind of process. 
Metastases from such tumors also occur but are 
relatively uncommon. The Osler-Weber-Rendu 
syndrome may be explicable on the basis of a 
congenital process of a similar character. 

In fact, it is fairly safe to say in the light of our 
recent knowledge'®'* that most vascular nevi 
represent abnormal communications between 
vessels; not necessarily always artery to vein or 
arteriole to venule but at times vein to venule, 
artery to arteriole or any communication be- 
tween vessels of dimensions improper for the 
smooth functioning of such a communication. 
Exact causes for the development of these nevi 
are not always clear although trauma by pres- 
sure or puncture has been implicated. Hormonal 
factors‘’ are believed to be important in the gen- 
esis of spider angiomata and the so-called liver 
palms seen in hepatic cirrhosis and in pregnancy. 
If the abnormal vessels of a vascular nevus are 
stimulated for sufficiently long periods of time by 
abnormal pressure and flow, or possibly by other 
factors as well, a true new growth may develop. 
This occurs as neuroangioma or glomus tumor 
in the skin of the extremities and in other loca- 
tions as a true angioma or angiosarcoma. 

Blood may be shunted through small or larger 
tumors of the lesser circulation to produce club- 
bing or hypertrophic osteoarthropathy exactly 
as in congenital or traumatic arteriovenous 
fistula of the lung. Many tumors of tissues sup- 
plied by the greater circulation, especially 
hypernephromata or sarcomata, often act as if 
they are the site of large arteriovenous shunts. 
Bruits sometimes heard, for example, over such 
tumors represent turbulent flow, not only 
through dilated but otherwise normal blood 
vessels but also through arteriovenous shunts as 
such. 

Abnormal intervascular communications may 
have profound effects on the circulation as a 
whole and on the organism. In some cases such a 
defect may be followed by subacute bacterial 


1% Monin, J. J. Capillary hemangiomas of the skin. 
Surgery, 38: 169, 1955. 

16 THompson, A. W. and Suarer, J. C. Congenital 
vascular anomalies. J. A. M. A., 145: 869, 1951. 

17 Bean, W. B. The cutaneous arterial spider: a survey. 
Medicine, 24: 243, 1945. 
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endocarditis or endovasculitis with all the 
manifestations of this disease. Most of the ab- 
normalities seen, however, are concerned with 
circulatory function.'‘ A communication be- 
tween an artery and vein, if it is large enough, 
produces a thrill and murmur which is con- 
tinuous through systole and diastole with a 
phasic or machinery-like quality. On the other 
hand, an interventricular septal defect produces 
only a systolic murmur and thrill. The nature of 
the murmur heard over defects in general is 
affected by the blood pressure relationship be- 
tween the two communicating vessels both in 
systole and diastole and in turn by the amount 
of turbulent flow produced by these pressure 
differences. The veins draining an arteriovenous 
communication always become dilated, thick- 
ened and tortuous. If the valves become incom- 
petent, this venous change may extend for a 
variable distance distal to the shunt. The artery 
also becomes dilated and thickened, and flow 
through it is increased not only by virtue of 
the increment through the shunt but also often 
through the vascular bed as a whole supplied by 
the involved artery.'* This may increase the 
growth of the tissues supplied with blood by this 
vessel. Systolic and, less often, associated dias- 
tolic bruits may also be heard directly over a 


cirrhotic liver at operation, over a thyroid gland 
that is hyperfunctioning or over the uterus in 
normal pregnancy. Here, the placenta acts as if 
it is the site of large arteriovenous anastomoses. 
Such sounds represent turbulent flow through 
the involved vessels and usually indicate that 


the vessels are dilated and volume flow is 
increased either through such dilated vessels or 
directly through a shunt or shunts. This, of 
course, is responsible for only part of the increase 
in cardiac output in such diseases as hyper- 
thyroidism or cirrhosis of the liver. Since flow is 
increased, however, in either the systemic or 
pulmonary circuit, it becomes correspondingly 
increased in the opposite circuit because of the 
operation of the principle of equal output from 
both ventricles. The work of the heart is there- 
fore increased and if such an increase is sufh- 
ciently great or lasts sufficiently long, the heart 
eventually dilates and fails. The principle of 
equal ventricular output does not obtain in 
patent ductus arteriosus where the burden of 
the increased work caused by increased flow 


18 Lewis, T. The adjustment of blood flow to the af- 
fected limb in arteriovenous fistula. Clin. Sc., 4: 277, 
1939-1942. 
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is on the left ventricle alone. Increase in right 
ventricular work may, however, be produced 
by vascular changes in the lung with pulmonary 
hypertension. The principle of equal ventricular 
output is also disturbed in septal defects by 
admixture in both directions and by any factor 
producing heart failure. 

If a systemic arteriovenous communication is 
sufficiently large, heart rate is increased and 
pulse pressure, especially proximally, is increased 
by virtue of increased systolic discharge into the 
arterial tree as well as increased diastolic leak 
from it. Closing the fistula decreases cardiac 
output, slows the heart and raises mean blood 
pressure. It also decreases systolic and increases 
diastolic blood pressure. These effects are not 
only the result of hemodynamic changes inci- 
dent to closure of the defect but are also in- 
fluenced by moderator reflexes from the heart, 
aorta and carotid sinuses. 

Closure of an arteriovenous fistula involving 
the vessels of the lesser circulation is not fol- 
lowed by such reflex effects.'® If the shunt is 
large enough, however, the hemodynamic effects 
of closing the shunt, that is, the decrease in 
cardiac output and in pulse pressure, are similar 
to those seen with closure of fistulas between 
vessels of the greater circulation. 

Shunts between vessels of the lesser circuit 
have special hemodynamic effects. ‘They may, 
under some conditions, produce clubbing and 
even hypertrophic osteoarthropathy, a circula- 
tory disease involving vessels of the greater 
circulation.*° These conditions are believed to 
occur whenever the left ventricle delivers more 
blood than is necessary to meet the needs of the 
tissues supplied by the greater circulation. The 
excessive blood produces increased pressure and 
flow and hence tissue growth in the digits and 
later, if the excess cannot be absorbed by the 
digits alone, in the periosteum of the bones. Such 
shunts also produce systemic arterial anoxemia 
of variable degree, depending on how much of 
the excessive pulmonary blood flow is going 
through shunts unoxygenated and how much 
through the distended but normally aerated 
pulmonary capillaries. Arterial anoxemia of 
moderate degree does not produce tissue anoxia 
in the resting state unless a critical point has 


19'Taxkaro, T., Essex, H. E. and H. B. 
Experimental pulmonary arteriovenous fistula. Am. J. 
Physiol., 165: 513, 1951. 

20 MenpLowiTz, M. The Digital Circulation. New 
York, 1954. Grune & Stratton. 
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been passed. The effect of tissue anoxia in pro- 
ducing capillary dilatation and in increasing or 
retarding tissue metabolism would tend to com- 
plicate the mechanism responsible for clubbing, 
whereas secondary polycythemia would tend 
to counteract the effect of anoxemia. 

Shunts also occur between vessels of different 
vascular systems. A small amount of blood for 
example is interchanged between lesser and 
greater circuits in the lung because of the 
intermingling of the bronchial and pulmonary 
circulations. Under abnormal conditions such 
interchange may become of considerable magni- 
tude. In the liver, the hepatic artery may shunt 
blood into larger radicals of the portal vein in- 
stead of draining into the hepatic vein. Also the 
portal venous system may be surgically anasto- 
mosed with the systemic venous system via shunts 
created to decompress portal hypertension. 

Under certain abnormal conditions blood is 
also shunted between artery and artery or be- 
tween vein and vein. Such collateral channels 
bridge the gap made by closure or constriction of 
an artery or vein. More direct communication 
through an artery or vein is provided by re- 
canalization, although the recanalized vessel is 
always narrower than it was originally. In large 
veins communication may be reestablished not 
only by recanalization of the lumen but also by 
the development of multiple venules on what 


appears to be the external surface of the vein. 
This process is known pathologically as caverno- 
matous transformation and occurs especially in 
the portal venous system.”! This was at one time 
considered by pathologists to be a vascular 
tumor rather than a response to obstruction of a 
large venous bed. Dissecting aneurysms repre- 
sent abnormal shunts through the walls of the 
aorta or a large artery. Direct artificial com- 
munications may also be made surgically** to 
repair aneurysms of various types and to bridge 
gaps produced by arterial or venous closures. 
These have the advantage of preserving the 
diameter of the original lumen. 

It can be seen from these considerations that 
the subject of cardiovascular shunts is a very 
broad one extending into many branches of 
medicine and surgery. It is a rapidly expanding 
field of interest for students in various disciplines 
concerned with the understanding and treatment 
of cardiovascular disease. 

MILTON MENDLOWITZ, M.D. 
Mount Sinai Hospital, 
New York, New York 
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HE Fanconi syndrome has been attributed to 
_ defect in the proximal convoluted tubules 
of the kidney with resulting failure of reabsorp- 
tion from the glomerular filtrate of substances 
including glucose, phosphate, amino acids, 
bicarbonate, and possibly potassium and uric 
acid. Its cause is unknown. In children it is 
familial, is associated with cystine storage, and 
may have a different pathogenesis. In the adult 
only seventeen cases have been reported,'~'® 
in none of these patients was cystine storage 
demonstrated. The syndrome has been char- 
acterized by osteomalacia with multiple frac- 
tures and pseudofractures, hypophosphatemia, 
elevated alkaline phosphatase, massive gen- 
eralized aminoaciduria with normal plasma 
amino acid level, renal glycosuria, albuminuria, 
alkaline urine, mild systemic acidosis, occasional 
low potassium and low uric acid levels in the 
serum, and deteriorated renal tubular function 
in the face of a normal or slightly diminished 
glomerular filtration. A detailed review of known 
cases of adult Fanconi syndrome with discussion 
of the etiologic factors is presented in an accom- 
panying paper.'® In one of these patients, 
reported by Sirota and Hamerman,'* multiple 
myeloma was also present but was considered a 
separate disease. In the case which forms the 
subject of this communication both the adult 
Fanconi syndrome and multiple myeloma were 
evident, and the possibility that they were re- 
lated could not be excluded. 


CASE REPORT 


A thirty-eight year old white man (History No. 
654371) first entered the New York Hospital in April, 
1953, with a three-year history of easy fatigue and 
nocturia. Nineteen months prior to admission pro- 
teinuria was discovered on the occasion of a routine 
insurance examination. Four months before admission 
the patient began to bruise easily and was found to be 
anemic. Three months later numbness and occasional 
cramps in the legs developed. Ten days before admis- 
sion the patient fainted, fell, and thereafter noted 
marked soreness of the ribs. There was a 15 pound 
weight loss in one year. 

The family history was unremarkable except that 
‘‘diabetes” had developed in several paternal relatives. 
Past history revealed marked susceptibility to infec- 
tions and frequent colds. In childhood he had had an 
abscess of the thorax, pneumonia, “‘rheumatic fever” 
and chronic otitis media with mastoiditis and hearing 
loss. In adult life painful and frequently bleeding 
hemorrhoids developed. 

On examination the patient was pale and thin. He 
had ecchymoses over the anterior tibial areas. Ex- 
amination of his ears revealed bilateral conduction 
deafness and scarred, perforated ear drums. There 
was point tenderness over the left anterolateral thorax 
and a slight deformity of the sternum. His blood pres- 
sure was within normal limits and no organic defects 
were detected. 

The hemoglobin was 9.8 gm. per cent, red blood cell 
count 3,500,000 per cu. mm., and the white blood cell 
count was 8,000 per cu. mm. with 32 per cent lympho- 
cytes, 5 per cent monocytes, 54 per cent mature poly- 
morphonuclear leukocytes and 9 per cent band 


* From the Department of Medicine, New York Hospital-Cornell Medical Center, New York, New York. This 
investigation was supported by Research Grant C-1905 from the National Cancer Institute of the National Institutes of 


Health, Public Health Service. 
+t Markle Scholar in Medical Science. 


JANUARY, 1957 


cs 


Multiple Myeloma and Fanconi Syndrome—Engle, Wallis 


9/N/53 


PATIENT'S SERUM 


Fic. 1. Filter paper electrophoresis patterns stained for 
protein with naphthalene black B200. (Veronal buffer, 
PH 8.5, ionic strength 0.05, room temperature.) 


forms. The platelets appeared adequate and normal 
on smear. There were 2 normoblasts per 100 white 
cells. The erythrocyte sedimentation rate was 38 mm. 
in one hour (Wintrobe). The bleeding time, clotting 
time, clot retraction and tourniquet test were normal; 
the platelet count was 263,000 per cu. mm. Later 
studies on several occasions showed no significant 
change except a moderate decrease in platelets. The 
blood fibrinogen level was elevated to 568 mg. per 
cent. 

The urine was alkaline, specific gravity 1.028. There 
were large quantities of protein, moderate amounts of 
sugar, no acetone. The sediment contained occasional 
red and white blood cells and many granular casts. 
The twenty-four-hour urine volume was greater than 
3,000 cc. and the specimen was positive for Bence- 
Jones protein. At pH 5.0 this protein precipitated 
upon heating to 60°c. and redissolved upon boiling. 
The patient excreted between 10 and 20 gm. of the 
urinary protein in twenty-four hours, as measured by 
the biuret method. The blood urea nitrogen was 9 mg. 
per cent. Urea clearance was unimpaired. Phenol- 
sulfonphthalein excretion in two hours was 70 per cent 
initially and later 45 per cent. The fasting blood sugar 
was 88 mg. per cent; serum calcium varied between 
8.6 and 10.3 mg. per cent; phosphorus was 2.6 mg. per 
cent; alkaline phosphatase was 6.5 Bodansky units; 
acid phosphatase 0.4 units. The serum cholesterol was 
214 mg. per cent with 75 per cent esterification. The 
cephalin flocculation test was negative; serum bili- 
rubin 0.76 mg. per cent, 0.21 mg. per cent direct and 
0.55 mg. per cent indirect. The serum total protein 
was 5.4 gm. per cent with 4.1 gm. per cent albumin 
and 1.3 gm. per cent globulin. There was no cryo- 
globulin in the serum. The Congo red test was 
negative. 

Filter paper electrophoresis of the serum proteins 
revealed a marked reduction in the gamma globulin. 
(Fig. 1.) The urine showed a protein of beta mobility, 


a trace of gamma globulin and no appreciable 
albumin. When a mixture of serum and urine was 
analyzed by this method, the principal urinary pro- 
tein component migrated with the beta globulin of the 
blood. 

The electrocardiogram was normal. X-rays of the 
chest, gastrointestinal tract and _ skeleton were 
unremarkable. 

Sternal bone marrow obtained by aspiration was 
hypocellular, with a total count of 7,000 nucleated 
cells per cu. mm. Megakaryocytes were slightly re- 
duced in number. There were 30 per cent abnormal 
plasma cells, most of which contained several unusual 
needle- and rod-shaped cytoplasmic inclusion bodies 
staining pink with Wright-Giemsa stain. (Fig. 2.) 
There were also 1 to 2 per cent large reticulum cells 
which contained many pink-staining rectangular 
inclusions. (Fig. 3.) When the peripheral smear was 
closely inspected, 2 to 3 plasma cells containing inclu- 
sions could be detected per slide. Although attempts 
were made to determine the nature of the cytoplasmic 
bodies, analysis was difficult because of the solubility 
of inclusions in hot and cold water, normal! saline 
solution, normal serum, the patient’s serum, acetic 
acid, hydrochloric acid, and dilute and concentrated 
nitric acid. The bodies stained pink with Wright- 
Giemsa stain, and in supravital preparations they 
readily picked up the neutral red dye and stained 
bright red. The nature of the bodies could not be 
definitely determined. They did not show the prop- 
erty of double refraction and, although they appeared 
to be crystals, it was impossible to be certain. They 
were either not stained or were dissolved during the 
following procedures: peroxidase stain,*® Congo red 
stain,”! toluidine blue stain after formol fixation,** 
periodic acid-Schiff reaction after ethanol fixation,*’ 
Sudan black B stain after fixation in formol-calcium- 
cobalt,?4 Sakaguchi stain for arginine,”® Millon stain 
for tyrosine,”® sodium cyanide-nitroprusside stain for 
cystine,?” and the ninhydrin stain. It was concluded 
that the crystals were not amino acids such as cystine 
or tyrosine. 

By two-dimensional paper chromatography*® the 
urine showed greatly increased amounts of all amino 
acids, especially glycine, alanine, glutamine, cysteic 
acid (cystine), lysine, serine and citrulline. (Fig. 4.) 
Normal urine in comparable amounts studied by this 
technic showed only faint traces of alanine, glycine 
and glutamine. (Fig. 5.) Similar studies on the mem- 
bers of the patient’s family (mother, brother and two 
children) revealed no abnormal aminoaciduria. The 
crude nitroprusside test for cystine in urine was posi- 
tive. The alpha-amino nitrogen excreted in the urine 
amounted to 1,154 mg. per twenty-four hours (nor- 
mal is between 200 and 600 mg. per twenty-four 
hours). The plasma amino nitrogen level was low, 
2.6 mg. per cent (normal values 4.0 to 7.0 mg. per 
cent). This pattern of generalized aminoaciduria 
without aminoacidemia resembled that seen in the 
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Fic. 2. Bone marrow smear stained with Wright- 
Giemsa stain showing plasma cell containing rod- 
shaped cytoplasmic inclusions. Original magnification 
xX 1600. 


Fic. 4. Two dimensional paper chromatogram of urine 
stained with ninhydrin for analysis of amino acids. The 
urine has been placed on a spot at the lower right hand 
corner of the figure. Phenol was allowed to run from 
right to left followed by lutidine from bottom to top. The 
spots were developed with 1 per cent ninhydrin in bu- 
tanol. Patient’s urine: (1) cysteic acid (from cystine), (2) 
taurine, (3) serine, (4) glycine, (5) threonine, (6) alanine, 
(7) glutamine, (8) citrulline, (9) lysine, (10) histidine, 
(11) methyl histidine, (12) valine, (13) phenylalanine and 
(14) tyrosine. 


Fanconi syndrome. Other aspects of that possibility 
were then further examined. 

A reducing substance was constantly found in the 
urine. Application of the orcinol test for pentose, 
resorcinol test for fructose, and phenylhydrazine test 
for crystals of osazone enabled us to rule out the 
presence of other sugars and to identify the reducing 
substance positively as glucose. The fasting blood 
sugar determined several times was normal. The 
glucose tolerance curve was mildly diabetic (fasting 
level 84 mg. per cent; one-half hour, 216; one hour, 
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Fic. 3. Bone marrow smear stained with Wright-Giemsa 
stain showing reticulum cell filled with rectangular cyto- 
plasmic inclusions. Original magnification « 1600. 


Fic. 5. Two dimensional paper chromatogram of urine 
stained with ninhydrin for analysis of amino acids. The 
urine has been placed on a spot at the lower right hand 
corner of the figure. Phenol was allowed to run from 
right to left followed by lutidine from bottom to top. 
The spots were developed with 1 per cent ninhydrin 
in butanol. Normal urine: (1) taurine, and (2) glycine. 


204; two hours, 140; three hours, 56; four hours, 63 
mg. per cent). Glucose was present in all urine speci- 
mens. During the test an episode of sweating, weak- 
ness, substernal pressure and slight drop in blood pres- 
sure developed. There was no tachycardia. The serum 
potassium drawn during that episode was 3.2 mEq./L. 
and the electrocardiogram showed abnormality of T 
waves and RT segments and a slightly prolonged QT 
time suggestive of hypopotassemia. * 


* Similar episodes of sudden and sometimes severe 
peripheral collapse have been observed repeatedly in 
Fanconi disease.?*-*? One of them was fatal.?® Earlier 
authors interpreted collapse as “hypoglycemic shock.” 
It may be better explained as a result of hypopotassemia. 
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The serum and urinary electrolytes were re-exam- 
ined. The serum potassium was low normal, 3.7 
mEq./L. The serum carbon dioxide content varied 
between 21 and 17 mM/L. The serum chloride was 
104 mEq./L., serum sodium 142 mEq./L., uric acid 
1.4 mg. per cent. The serum alkaline phosphatase 
ranged from 6.5 to 14 Bodansky units, The serum 
calcium varied between low normal and normal (8.8 
to 10.3 mg. per cent). The serum phosphorus varied 
between 2.0 and 2.6 mg. per cent, while phosphorus 
excretion in the urine was 428 mg. per twenty-four 
hours (normal). The urinary calcium excretion in 
twenty-four hours was low, 39 mg. (normal, 100 to 
300 mg.). The urinary excretion of creatinine on the 
same sample was 1,000 mg., urinary sodium 4,650 
mg., urinary potassium 4,950 mg. per twenty-four 
hours. Examination of the eyes with a slit lamp, per- 
formed because of the appearance of cystine crystals 
in the cornea of patients with the childhood type of the 
Fanconi syndrome, was negative. 


Course. The patient was considered to have 


multiple myeloma. A small dose of cortisone was 
administered for two weeks and the ecchymoses 
disappeared and did not return upon with- 
drawal of cortisone. In June, 1954, administra- 
tion of urethane, 2 to 3 gm. a day, was started; 
it was discontinued after three months because 
of the development of leukopenia of 2,300 white 


blood cells per cu. mm. Periodic transfusions 
were given. In the course of his illness variable 
pain in the lumbar spine, rib and legs, a wad- 
dling gait, increasing exhaustion, frequent nose- 
bleeds, skin pigmentation and hepatospleno- 
megaly developed. The x-ray films revealed 
generalized bone demineralization and fractures 
of several ribs. 

After the diagnosis of the adult form of the 
Fanconi syndrome was made the patient was 
maintained on a regimen consisting of potassium 
citrate, 6 gm. a day, premarin,® 9 mg. a day and 
vitamin D, 50,000 units a day. Later, methy]l- 
testosterone, 25 to 50 mg. per day was added. 
Symptomatic improvement resulted which per- 
mitted continuance of his work for over a year. 
He continued, however, to lose weight, and the 
loss of protein in the urine rose to 50 to 55 gm. 
per day. Epistaxes and occasional bleeding from 
hemorrhoids persisted. More frequent blood 
transfusions were needed to maintain a hemo- 
globin level of 8 to 10 gm. per cent. In March, 
1955, bleeding from hemorrhoids became fre- 
quent and massive and failed to respond to a 
medical regimen. He was therefore admitted to 
the hospital for ligation or cauterization of the 
hemorrhoids. 


At this time the patient was found to be jaun- 
diced and a few spider angiomas were seen on the 
trunk. The serum total bilirubin was 6.8 mg. per 
cent with 1.6 mg. per cent direct and 5.2 mg. per 
cent indirect. Thymol turbidity and cephalin 
flocculation tests were normal. There was no bile 
in the urine. Cholesterol esters were only 28 per 
cent of the total cholesterol. Alkaline phos- 
phatase was 9.4 Bodansky units. The serum 
protein was 6.0 gm. per cent with 3.7 gm. per 
cent albumin and 2.3 gm. per cent globulin. ‘The 
Coombs’ test was negative. The prothrombin 
time was normal and the platelet count was 
140,000 per cu. mm. X-ray films of the bones 
now revealed increased rarefaction, punched-out 
lesions in the ribs, and multiple fractures and 
pseudofractures of the ribs. 

A hemorrhoidectomy was performed. A few 
days later the patient began to pass tarry stools 
and then bright red blood by rectum. X-rays 
of the esophagus, stomach and intestines revealed 
only hypermotility of the bowel. On proctoscopy 
a bleeding point was found a few centimeters 
above the internal hemorrhoidal ring. Ligation 
of the vessel failed to bring permanent relief, and 
a transverse colostomy was performed. How- 
ever the bleeding from the rectum continued 
intermittently until it was finally stopped by 
cauterization. During the two-month hospital- 
ization period the patient received approxi- 
mately fifty units of blood for replacement of 
blood loss. After discharge diarrhea developed 
which could be controlled only by large doses of 
opiates. Meticorten, 10 to 30 mg. per day, was 
added to the regimen. 

The patient’s final admission to the hospital in 
August, 1955, was precipitated by a fracture of 
the neck of the left femur sustained when he stood 
up. Four days after admission lethargy, a high 
fever to 40°c., and shaking chills developed. 
Numerous colonies of Escherichia coli were 
grown from the blood culture. The organism 
showed in vitro sensitivity to all broad-spectrum 
antibiotics. However, the patient was given 
intravenous terramycin® and _ intramuscular 
streptomycin. Temperature spikes to 39°c. con- 
tinued. He was digitalized and his fluid and 
electrolyte balance was controlled. The serum 
bilirubin rose to 21.1 mg. per cent and the 
thymol turbidity to 26 units. Acidosis and anuria 
developed, but the blood urea nitrogen remained 
low at 9 mg. per cent to within nine days of 
death. One week before death a slow gamma 
peak appeared in the paper electrophoretic pat- 
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tern of the serum. (Fig. 1.) Electrophoresis of the 
urine continued to show a beta globulin. The 
patient died on the fourteenth day of his last 
admission to the hospital. 

Autopsy. The skin and scleras were deeply 
jaundiced and there were multiple purpuric 
areas over the body. Scattered throughout the 
parenchyma of the right lung and in the left 
lower lobe were multiple small nodules, 0.5 to 
1 cm. in diameter, which were hemorrhagic, 
firm and granular. The intervening pulmonary 
parenchyma was edematous. The spleen weighed 
750 gm. and its capsule was smooth and tense. 
On cut surface the parenchyma was of normal 
consistency and normal trabecular markings 
were present. Malpighian corpuscles were not 
apparent but there were scattered spherical 
nodules of tan homogeneous tissue in the 
parenchyma. Some of these measured up to 
0.5 cm. in diameter. The liver weighed 2,150 
gm. and had a normal consistency. The capsular 
surfaces were smooth and glistening. On cut sur- 
face the lobular pattern was accentuated by 
delicate green anastomosing strands, which here 
and there divided the parenchyma into a slightly 
nodular pattern. In addition there were nodules 
of tan tissue, which were even more distinctly 
demarcated from the surrounding liver and 
measured up to 1.5 cm. in diameter. The kidneys 
weighed 440 gm. and were equal in size. The 
capsular surfaces were smooth and _ stripped 
easily. The renal parenchyma was soft and jaun- 
diced, and the cortex quite pale, but the normal 
architectural markings on the cut surface were 
clear and distinct. Calyces, pelves and renal ves- 
sels were normal. The lymph nodes were every- 
where of normal size, although many of them 
were brown on the cut surface. The marrow of 
ribs, sternum, vertebrae, iliac crests and left 
femur contained innumerable sharply demar- 
cated osteolytic lesions, which measured from 
0.2 to 1.5 cm. in diameter. In many places there 
was erosion of cortical bone and multiple healed 
fractures of the ribs. Vertebral bodies were 
intact. Osteolytic areas contained pale yellow, 
soft, gelatinous tissue. The surrounding marrow 
was light red and more normal in appearance. 
Skull was normal to transillumination. Remain- 
ing organs were grossly normal. 

Microscopic examination of the lung revealed 
focal areas of necrosis which were infiltrated 
by neutrophils and bacteria. Much fibrin was 
seen in some of the alveolar spaces. The remain- 
ing alveoli contained many dust cells, a few 
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were filled with a pale pink granular coagulum. 
The white pulp of the spleen was well maintained 
but the red pulp was quite hyperemic and con- 
tained a diffuse infiltration of plasma cells. In the 
sinusoids were focal groups of phagocytes con- 
taining much hemosiderin. A few plasma cells 
and reticulum cells contained rod-shaped cyto- 
plasmic inclusion bodies. In the liver, although 
the lobular architecture was recognizable, there 
was marked fibrosis and diffuse scarring 
involving primarily the central areas. These 
areas contained a few plasma cells and many 
other round cells and much hemosiderin. A 
number of neutrophils were also present and 
there were a few necrotic liver cells at the periph- 
ery of the lobule. A few plasma cells and 
reticulum cells contained rod-shaped, cyto- 
plasmic inclusion bodies. The adrenals were 
normal except for the presence of rod-shaped 
inclusion bodies in some parenchymal cells. 

The renal architecture was not markedly 
altered, although slight interstitial fibrosis, 
edema, and a few small areas of sclerotic glom- 
eruli and round cell infiltration could be noted. 
The glomeruli were otherwise normal as were 
the arteries and arterioles. The tubules, however, 
were extensively and markedly altered through- 
out most of their length. They were in most 
instances quite dilated. A few of them contained 
large, deeply eosinophilic casts, some of which 
were laminated. A very rare giant cell was 
seen at the periphery of these tubules. Many 
tubules were lined by cells with markedly 
vacuolated and pale cytoplasm; others were filled 
by parallel groups of delicate, poorly staining, 
needle-like cytoplasmic inclusions. (Fig. 6.) With 
Mallory’s connective tissue stain they were 
pale yellow-green. They stained deep purple 
with phosphotungstic acid-hematoxylin. The 
epithelial cells containing these inclusions were 
most numerous in the cortex near the capsule 
of the kidney. It was impossible to localize these 
cells to either the proximal or distal segment 
because of the marked involvement of whole 
tubules. The tubular cells, particularly in the 
loops of Henle, frequently had bizarre nuclei, 
many of them large, pleomorphic and hyper- 
chromatic. A few cells had two or three nuclei. 
Many cells were small and flattened while others 
were large and hypertrophied. The collecting 
tubules were essentially normal. 

The architecture of the lymph nodes was 
but slightly altered. The sinusoids contained 
much hemosiderin and many plasma cells. A few 
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Fic. 6. Section of kidney showing tubular epithelial cells 
filled with rod-shaped cytoplasmic inclusions; phospho- 
tungstic acid-hematoxylin stain, 650. 


of the plasma cells and an occasional reticulum 
cell contained rod-shaped, cytoplasmic inclusion 
bodies. Most sites in the bone marrow were very 
hypocellular, and in these areas about 90 per 
cent of the cells were myeloma cells. (Fig. 7.) 
The myeloma cells had a small amount of baso- 
philic cytoplasm, a peripherally placed nucleus 
and clumped, coarse chromatin. In addition 
there were numbers of large pale cells that were 
probably histiocytes or reticuloendothelial cells. 
Many of these and occasionally a plasma cell 
contained rod-shaped cytoplasmic inclusion 
bodies similar to those already described. In 
some areas the marrow was markedly hyper- 
plastic, containing large numbers of erythro- 
poietic cells, granulocytes and megakaryocytes. 
There were well healed fractures of the ribs. 
Bone resorption was marked throughout. 

Touch preparations of the bone marrow, liver, 
spleen and kidney were made by lightly touching 
the cut surface of these organs to slides and then 
staining with Wright or Wright-Giemsa stain. 
Most of the plasma cells in the bone marrow and 
spleen as well as the few plasma cells in the liver 
and some parenchymal cells of the kidney con- 
tained the rod-shaped cytoplasmic inclusion 
bodies. Reticulum cells containing similar bodies 
were also seen in the bone marrow, liver and 
spleen. 

Autopsy diagnoses were multiple myeloma, 
myelomatous renal disease, cirrhosis of the liver, 
passive hyperemia of the spleen, broncho- 
pneumonia, hemosiderosis, multiple hemor- 
rhages and transverse colostomy. 


Fic. 7. Section of bone marrow from femur showing 
plasma cell infiltration and occasional reticulum cell con- 
taining rod-shaped cytoplasmic inclusions; hematoxylin 
and eosin stain, original magnification 650. 


COMMENTS 


The clinical picture was a composite of multi- 
ple myeloma and adult Fanconi syndrome. 
Multiple myeloma was manifested by massive 
plasmacytosis of the bone marrow, Bence-Jones 
proteinuria, anemia, bleeding tendency, hepato- 
splenomegaly and osteolytic lesions of the ribs. 
The diagnosis of adult Fanconi syndrome was 
established by generalized massive amino- 
aciduria, low plasma amino acid level, renal 
glycosuria, mild renal acidosis, hypokalemia, 
hypophosphatemia, elevated alkaline phospha- 
tase, osteomalacia, multiple fractures and 
pseudofractures, hypouricemia and normal urea 
clearance in the face of a decreased phenol- 
sulfonphthalein excretion. 

One of the most striking features of this case 
was the demonstration of crystal-like cyto- 
plasmic inclusions in the plasma cells and reticu- 
lum cells of the bone marrow and other tissues. 
These inclusions differ from others described in 
plasma cells as colorless greyish blue vacuoles 
(Mott cells), large eosinophilic globules (Rus- 
sell 'bodies**:**) or tiny spindle-like bodies.**** 
Only nine cases of multiple myeloma and 
‘‘reticuloendotheliosis” with comparable intra- 
cellular structures in the plasma cells have been 
found in the literature. *®*7—*! 

In addition rod-shaped cytoplasmic inclusions 
resembling those seen in the plasma cells were 
found in the tubular epithelial cells of the kidney. 
Similar intracellular deposits have been de- 
scribed in several other cases of multiple 
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myeloma. Other types of deposits in the 
cells of the renal tubules, as well as material in 
the interstices and within the lumen of the 
tubule, have often been recorded.‘**—*® Casts of 
‘*Bence-Jones protein’”’ have been seen frequently 
within the lumen of the distal tubule of the 
‘‘myeloma kidney.” 

Three possible explanations for the simul- 
taneous appearance of multiple myeloma and 
the adult Fanconi syndrome might be con- 
sidered. As suggested by Sirota and Hamerman'" 
myeloma and the adult Fanconi syndrome might 
be unrelated. However discovery of a second 
patient in whom the rare entities coexist makes a 
chance occurrence less likely. A second hy- 
pothesis is that our patient had only the adult 
Fanconi syndrome and that the manifestations of 
what seemed to be multiple myeloma in reality 
were previously unrecognized components of 
the syndrome. It became important, therefore, to 
determine the incidence of plasmacytosis, serum 
protein abnormality and Bence-Jones protein- 
uria in recorded cases of Fanconi syndrome. A 
review of the literature lent little support to this 
hypothesis. Fanconi described two childhood 
cases with peripheral blood plasmacytosis,*° 
but in three adult patients in whom examina- 
tions of bone marrow had been performed there 
was no plasmacytosis.‘* Among the reported 
patients with adult Fanconi syndrome there was 
no serum protein abnormality comparable to 
that seen in multiple myeloma. Bence-Jones 
proteinuria was seen only in the patient recently 
reported by Sirota and Hamerman.'* 

Finally, the possibility that the Fanconi syn- 
drome might be secondary to multiple myeloma 
should be entertained. A number of agents!* can 
cause abnormalities similar to those found in the 
Fanconi syndrome, presumably through their 
effect on the kidney tubules. The possibility can- 
not be excluded that the crystal-like inclusions 
within the tubular epithelium of the kidney or 
the Bence-Jones proteinuria with its deposits in 
the tubules and surrounding cells might have 
caused injury sufficient to create defects in 
tubular reabsorption. 

In an effort to find other patients with multiple 
myeloma who had the Fanconi syndrome, we 
have examined urines of thirty individuals with 
multiple myeloma for aminoaciduria by means 
of paper chromatography. Eleven of these were 
excreting appreciable amounts of Bence-Jones 
protein in the urine at the time. In none, how- 
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ever, were we able to demonstrate appreciable 
aminoaciduria. 

The coexistence of multiple myeloma and the 
adult Fanconi syndrome in two patients is 
sufficient indication to search for signs of the 
other when one is present. In patients with multi- 
ple myeloma the following clues should make 
one suspicious of the adult Fanconi syndrome: 
renal glycosuria, low serum phosphorus and 
elevated alkaline phosphatase. Early detection of 
an associated adult Fanconi syndrome may per- 
mit effective treatment of this complication. 


SUMMARY 


Report is made of a patient who exhibited 
signs of both multiple myeloma and the adult 
form of the Fanconi syndrome. It is suggested 
that renal tubular reabsorption defects like those 
of the adult Fanconi syndrome may occur in 
patients with multiple myeloma. Patients with 
multiple myeloma, particularly if associated 
with Bence-Jones proteinuria, deserve close 
scrutiny for evidences of defective tubular 
reabsorption. 


Acknowledgment: We wish to thank Dr. Ephraim 
Shorr and Dr. Mary Ann Payne for their help in 
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Haberfelde for performing the autopsy. 
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The Adult Fanconi Syndrome’ 


IT. Review of Exghteen Cases 


Lira A. WaALLIs, M.D. and RALPH L. ENGLE, JR., M.D. T 
New York, New York 


BSERVATION of an adult with the Fanconi 
() syndrome and multiple myeloma! led us 
to review the recorded cases of the adult Fanconi 
syndrome and to reconsider its pathogenesis. 

The disease in children was initially described 
by Lignac in 1924,? then by de Toni in 1933,’ 
by Debré in 19344 and by Fanconi in 1931 
and 1936.°° It has since been found in about 
seventy children. It is familial, occasionally 
associated with consanguinity and is probably 
inherited as a simple Mendelian recessive, with a 
gene frequency of 1 in 200 and disease incidence 
of 1:40,000 children.? The syndrome consists 
of dwarfism, rickets, albuminuria, amino- 
aciduria, renal glycosuria, hypophosphatemia 
with hyperphosphaturia, acidosis and late 
cystine storage. It carries a poor prognosis, death 
occurring usually before puberty.’ This disease 
is thought by some®:*:’ to be due to a congenital 
enzymatic defect in the proximal convoluted 
tubules of the kidney with resulting failure of 
reabsorption of glucose, phosphate, amino acids, 
bicarbonate, uric acid and potassium. A different 
point of view is taken by Bickel et al.’ who be- 
lieve that the Fanconi syndrome in children is 
due to an inborn error in the metabolism of 
amino acids with resulting storage of cystine 
and overflow of this and other amino acids in the 
urine. 

Milkman!®!! was the first to describe osteo- 
malacia with multiple symmetric fractures, 
renal glycosuria and hypophosphatemia in an 
adult. Milkman’s syndrome refers to the roent- 
genologic picture of bony rarefaction and sym- 
metric ‘“‘pseudofractures.”” It may occur in 
osteomalacia of any cause,'*~'* including the 
adult Fanconi syndrome. Not all cases reported 
as roentgenologic Milkman’s syndrome fall into 
the group of the adult Fanconi syndrome, even 


though the origina! case of Milkman did. On the 
other hand, all patients with the adult Fanconi 
syndrome do exhibit osteomalacia and the x-ray 
picture as described by Milkman. Including his 
report eighteen cases of the adult Fanconi syn- 
drome have been recorded. Criteria for in- 
cluding reported cases in this series have been: 
osteomalacia with hypophosphatemia and 
pseudofractures, renal glycosuria and amino- 
aciduria (when determined) without hyperamino- 
acidemia occurring in an adult patient. 


CASE REPORTS 


Case 1. (Milkman.’°-") This forty-one year old 
woman, a school teacher, was seen in 1928 with in- 
creasing lameness and pain in the back and hips on 
stooping, associated with difficulty on arising for three 
years. A waddling, painful gait and ‘“‘diabetes” de- 
veloped; the patient became bedridden and died at 
the age of forty-five despite cod liver oil, viosterol and 
ultraviolet radiation. X-ray films revealed multiple 
symmetric pseudofractures of the ribs, femurs, pelvis, 
ulnas and fibulas, and finally also complete fractures. 
At postmortem examination osteomalacia and in- 
creased vascularity at the transparency zone were 
noted. 


Case u. (Fletcher,'® reported more fully by Hun- 
ter'® Case 7.) A thirty-four year old bus-conductor 
was first seen in 1934 with a three-year history of 
increasing pain in the hips and thighs on walking. 
The patient had a shuffling gait and constant glyco- 
suria. X-ray examination revealed considerable 
“osteoporosis’’ and multiple fractures of the pubic 
rami, right femur, transverse processes of lumbar 
vertebrae and the metacarpals. The skull was 
“woolly” in appearance and had “‘scattered small 
patchy areas of osteoporosis in the outer table.” 
Exploration of the neck in 1935, revealed no para- 
thyroid tumor and the biopsy specimen of the left 
inferior parathyroid gland was interpreted as normal. 
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Biopsy of the tibia revealed osteoporosis. The patient 
showed no improvement on a high calcium diet with 
large doses of vitamin D. 


Case m1. (Hunter,'® Case 6.) A twenty-nine year 
old physician was hospitalized in 1931 with a four- 
year history of progressive pain in the hips, weakness 
in the legs and difficulty in walking. He gave a past 
history of rickets in childhood and manifested gross 
deformities with marked scoliosis. The patient had 
renal glycosuria and albuminuria. X-ray films re- 
vealed ‘‘much thinning of bones and gross deformity 
with old fractures of both pubic bones.” In 1933 
despite a high calcium diet, calcium lactate and 
vitamin D, the patient grew weaker and x-ray ex- 
amination showed “great loss of calcium” with old and 
recent fractures in the rami of the ischium, femur, 
ulna, tibia and fibula. Exploration of the neck revealed 
no parathyroid tumor and the biopsy specimen of 
the right parathyroid gland was normal. The diag- 
nosis on biopsy of the tibia was osteoporosis and 
osteomalacia. 


Case iv. (Edeiken.'’) A thirty-four year old 
American housewife was seen in 1942 with the com- 
plaint that for four years she had experienced weak- 
ness, cramp-like pains in the left thigh and inability to 
walk and to arise from a supine, sitting or kneeling 
position. The patient was dwarfed and had a transient 
renal glycosuria. The x-ray examination showed 
“generalized calcium deficiency, punched-out cortical 
notches and transverse zones of rarefaction traversing 
part or all of the bone usually at right angles to the 
long axis.” These pseudofractures were seen in the 
scapulas, clavicles, radius, ulnas, ribs, femurs, tibias 
and metatarsals. 


Case v. (Cooke.*) A thirty-six year old unem- 
ployed man was seen first in 1942 because of progres- 
sive back pain, stiffness and weakness of the legs and 
very painful walking for ten years. He was semi- 
bedridden and x-ray films showed extensive osteo- 
porosis with fractures of the ribs. Laboratory tests 
revealed persistent glycosuria in the presence of a 
normal glucose tolerance test, hypophosphatemia 
and hyperphosphaturia. The patient remained 
unchanged until 1945 when he died following a 
hematemesis. Postmortem examination revealed, in 
addition to a bleeding duodenal ulcer which was the 
cause of death, thinning of the cortex of the bones. 
The epithelial cells of the proximal convoluted tubules 
were vacuolated, some were necrotic, and Gomori’s 
stain revealed absence of alkaline phosphatase in 
these cells. 


Case vi. (Stowers.’) A thirty-four year old surveyor 
was first seen in 1944 complaining of back pain radiat- 
ing into both thighs for four years and of increasing 
difficulty in walking that resulted in a peculiar wad- 
dling gait. In 1942 the patient was diagnosed as having 
diabetes mellitus; however he exhibited faintness and 


blurred vision on as little as 10 units of insulin. He was 
found to have hepatomegaly, albuminuria, amino- 
aciduria, hypophosphatemia and mild diabetes 
mellitus with additional renal glycosuria. X-ray films 
showed “generalized osteomalacia and multiple 
pseudofractures of the ribs with no callus formation.” 
The patient responded initially to treatment with cal- 
cium and high doses of calciferol, with healing of the 
pseudofractures, decrease in osteomalacia and symp- 
tomatic improvement. He discontinued treatment at 
home and in 1946 died of hematemesis and melena. 
Postmortem examination revealed primary carcinoma 
of the liver, patches of osteomalacia of the skull and 
ribs with excessive bowing in the latter. The epithe- 
lium of the proximal convoluted tubules was swollen 
and vacuolated and did not contain alkaline phos- 
phatase when stained by Gomori’s method. 


Case vu. (Linder.'*) A thirteen year old Negro 
girl seen in 1942 complained of polyuria of 2 to 4 L. 
for five years. She had gross body deformities, constant 
renal glycosuria, aminoaciduria and _ occasional 
albuminuria. X-ray films revealed generalized osteo- 
porosis and “greenstick fractures.” The patient 
did not improve on citric acid but seemed benefited 
by high doses of calciferol. 


Case vi. (Dent.!*) A forty-one year old woman 
was bothered by pains in her back, hips, ribs and feet 
for seven years. She had progressive difficulty in walk- 
ing and became bedridden. This patient had per- 
sistent renal glycosuria and aminoaciduria and x-ray 
films showed multiple “‘pseudofractures” of the ribs 
and long bones and some generalized decalcification of 
the skeleton. On a regimen of alkali, calcium and 
massive doses of vitamin D, the patient’s bone pain 
diminished and she was able to work. X-ray examina- 
tion showed healing of pseudofractures. 


Case 1x. (Lambert.”°) A fifty-six year old man 
sought hospitalization in 1950 for severe lumbar back 
pain of eight years’ duration with spastic paralysis of 
his lower limbs for six years. He was unable to move in 
bed. X-ray examination showed extreme bony de- 
calcification with collapsed vertebrae and with frac- 
tures and pseudofractures of his pelvis and femurs. 
He had renal glycosuria, aminoaciduria and hypo- 
phosphatemia. After massive doses of calcium phos- 
phate the patient seemed much improved, was able to 
move about and sit in bed without help or discomfort. 
X-ray films showed improvement in mineralization of 
his bones. 


Case x. (Anderson.*') A forty-four year old single 
woman, a rachitic dwarf, was first seen in 1949 be- 
cause of pain in her right hip and knee following 
an injury eight years previously. This pain progressed 
and the patient was confined to bed and a wheelchair. 
The x-ray examination revealed marked rarefaction 
with multiple pseudofractures of femurs, pubic rami, 
ribs and spinous processes; the x-ray film of the skull 
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showed “irregularly dispersed patchy thinning.” 
She had aminoaciduria and transient renal glyco- 
suria. On a Shohl’s alkalinizing regimen of citric acid- 
sodium citrate solution and a short course of methyl 
testosterone the patient improved considerably; she 
could walk the length of the ward and there was an 
increase in the density of the bones with nearly com- 
plete bridging of all symmetric fracture lines by well 
developed, new bone. 


Case x1. (Milne.**) A fifty-one year old widow 
was seen in 1950 with severe aching pain in the back 
and in the upper thighs for three years. Her disability 
progressed to the state of complete immobility in bed. 
The patient was found to have albuminuria, renal 
glycosuria, ketonuria, aminoaciduria, acidosis and 
hypophosphatemia, with hypokalemia suggested by 
electrocardiography and confirmed on chemical 
analysis. Radiologic examination of the skeleton 
showed a generalized reduction in bone density with 
pseudofractures of the ribs. On a regimen of citrate 
solution and massive doses of vitamin D and calcium 
lactate the patient improved markedly, and in five 
weeks she was able to walk without pain. Bony 
tenderness disappeared and the pseudofractures re- 
calcified. There was a change in her electrolytes 
toward normal values. 


Case xu. (Dragstedt.2*) A forty-six year old 
businessman was first seen in 1952 with a history of 
easy fatigue and proteinuria for eight years, bone 
pains and limping gait of one year’s duration. His past 
history included vigorous antisyphilitic treatment with 
bismuth and salvarsan® twenty-five years before. 
He was found to have multiple rib fractures, hypo- 
phosphatemia, renal glycosuria and aminoaciduria. 
On an alkalinizing regimen and vitamin D the patient 
improved markedly and could walk without discom- 
fort. X-ray films showed callus formation at the frac- 
ture sites. 


Case xu. (Sirota.**) A fifty-year old grocer was 
admitted in 1947 complaining of progressive severe 
pains in the back, shoulders, ribs and thighs and 
marked weakness with inability to walk unassisted 
since 1944. He had proteinuria, renal glycosuria with 
a normal glucose tolerance test, hypophosphatemia 
and hyperaminoaciduria with a normal plasma amino 
nitrogen concentration, The patient did not improve 
on high calcium, high phosphorus and vitamin D 
therapy, and when seen in 1951 he had a waddling 
gait and could hardly manage a few steps. His x-ray 
films at that time revealed mild generalized decalci- 
fication of the skeleton with symmetrical pseudo- 
fractures of the scapulas, femoral bones and ribs, 
without osteolytic lesions. He also was found to have 
at that time, in addition to deteriorated renal function 
and hyperchloremic acidosis, a diabetic glucose 
tolerance curve, Bence-Jones proteinuria, 8 to 10 per 
cent myeloma cells in the bone marrow, and an ab- 
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normal peak on serum electrophoresis which migrated 
somewhat slower than gamma globulin. On a regimen 
of high calcium diet, vitamin D, calcium lactate, 
potassium bicarbonate and Shohl’s mixture for two 
months there was some equivocal improvement. After 
six months of full exposure to Florida sun and massive 
intake of orange juice there seemed to be a marked 
subjective improvement with ability to walk freely, 
healing of pseudofractures and increased calcium 
deposition. 


Case xiv. (Brick,?* also studied by Kyle.**) In an 
Army serviceman hip pain developed following a fall 
at the age of thirty-three. Three years later he was 
hospitalized for pain in the back and the leg with 
progressive limping and a waddling gait. Generalized 
“‘osteoporosis’” and numerous pseudofractures were 
noted on x-ray examination, involving the vertebrae, 
ribs, scapulas, radial heads, acetabulums, femurs and 
both patellas. Intermittent glycosuria and a normal 
glucose tolerance were found. The patient was con- 
sidered to have Milkman syndrome of unknown 
etiology and was treated with vitamins D and A, cal- 
cium orally and parenterally, multivitamins and 
physiotherapy without satisfactory results. When 
studied last at the age of forty-two, the patient was 
also found to have aminoaciduria, polyuria, hypo- 
phosphatemia and hyperphosphaturia. 


Case xv. (Salassa.?”) A sixteen year old boy was 
hospitalized because of a nine-year history of progres- 
sive weakness, fatigue and soreness of legs, necessi- 
tating the use of crutches. He was found to have 
deformities of legs, roentgenologic evidence of de- 
mineralization of bones, rachitic changes at the ends 
of long bones and fractures of the left femur. In addi- 
tion, he manifested renal glycosuria, albuminuria, 
aminoaciduria and systemic acidosis. On 400,000 
units of vitamin D2 a day, his pain and weakness 
slowly decreased, aminoaciduria decreased and the 
patient was able to walk comfortably without support. 


Case xvi. (Salassa.?”) An eleven year old girl was 
hospitalized because of progressive difficulty in walk- 
ing, marked deformities, dwarfism and weakness since 
the age of eight. She was found to have albuminuria, 
glycosuria, aminoaciduria and hypophosphatemia. 
X-ray films revealed multiple pseudofractures of ribs 
and fibula, generalized demineralization of the bones 
and rachitic changes of the ends of the long bones. The 
weakness gradually decreased and her gait slowly 
improved on a regimen of massive doses of vitamin De. 


CasExvu. (Hiatt.?*) A thirty-eight year old house- 
wife was examined in 1951 because of progressive 
pains in her hips, legs and back since the age of 
nineteen, and limping and waddling since the age of 
thirty-three. She had gross kyphoscoliosis, was diminu- 
tive in appearance and had generalized bone tender- 
ness. X-ray films showed osteomalacia and multiple 
pseudofractures of her ribs, scapula, pelvis and fibula. 
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TABLE I 


SUMMARY OF CLINICAL DATA ON EIGHTEEN PATIENTS WITH 


ADULT FANCONI SYNDROME 


| Known | 
Dura- | 
Bone 
of Pain 
| Symp- 
toms 


(yr.) 


Onset} Seen 


. Milkman!®.!! 
Fletcher!5 


yes 
yes 


yes 

yes 

yes 

yes 

not men- 
tioned 

yes 


. Hunter! 
. Edeiken!’ 
. Cooke® 

. Stowers?® 
. Linder’ 


. Dent? 


. Lambert? 


<. Anderson?! 

. Milne?2. 

. Dragstedt** 

. Sirota*. 

Brick,?* Kyle?* 
cv. Salassa?’. . 


not men- 
tioned 


. Salassa?2’. . 


38 
38 


Hiatt”. . 
Engle! 


yes 
yes 


XVI. 
XVIII. 


Disturb- 


Bony Frac- 
Rare- 


fac- 


Posi- 

tive 
Fam-| 

| _ in 
| pis. | Child 


tory 


Rick- 


ets 


Bony 
De- 
form- 
ity 


tures 
Bony 


Tender- | 


and 
ance in 
Gait 


tion Pseudo- 


ness 


on frac- 


X-ray 


hood 
tures 


| waddling 
waddling | 


yes 
not men- 
tioned 
difficult | yes 
waddling 
| waddling 
waddling 
not men- 
tioned 
difficult 


yes 
yes 
yes 
not men- 
tioned 
| not men- 
tioned 
unable to | yes 
walk 
| unable to | 
walk 
| unable to 
walk 
| limping 
| waddling 


| waddling | 


not men- 
tioned 
yes 


| yes 

yes 

not men- 
tioned 

| used 
crutches 

junable to 


| walk 


yes 


| waddling 


| waddling 


* Patients died while under observation 


The patient manifested hypophosphatemia, slightly 
elevated alkaline phosphatase and renal glycosuria. 
On massive doses of vitamin D2, 150,000 units a day, 
strontium lactate 6.3 gm. a day, and a high calcium 
diet, her electrolytes changed toward normal, bone 
pain subsided and she was able to walk without a 
limp; the x-ray films showed healing of fractures with 
callus formation and increased mineralization of the 
bones. 


Case xvi. See preceding article (Engle’). 


REVIEW OF CLINICAL DATA 


Table 1 summarizes clinical data in the eight- 
een reported cases of adult Fanconi syndrome. 

There was no sex predilection among adult 
patients with Fanconi syndrome, eight women 
and ten men. No particular occupation or pro- 
fession was favored. The age of onset of symptoms 
varied between seven and forty-eight years, with 
an average of thirty. The onset was insidious in 
most cases; in Case x it was preceded by acute 
trauma. The known duration of symptoms 
varied between three and twenty-two years with 
a median of eight years. Four patients with adult 
Fanconi syndrome died while under observa- 


tion; the duration of symptoms in these cases was 
five, six, thirteen and seventeen years. 

The most prominent and frequent symptom 
was bone pain; it was present in sixteen of 
eighteen patients and involved the lower part of 
the back, the hips, thighs, legs and, less fre- 
quently, the thorax and ribs. In most instances 
this pain was first noted on arising from a supine, 
sitting or kneeling position and was aggravated 
by motion and walking or excessive fatigue. Pain 
was frequently cramp-like in nature, sometimes 
dull and constant; eventually it became excru- 
ciating and incapacitating. The gait became 
awkward and hesitant and resembled a duck 
waddle. Locomotion soon became impossible 
without the aid of crutches. Eventually most 
patients became bedridden. Weakness was a 
prominent complaint. In Case 1x it was due to 
involvement of the pyramidal tract secondary 
to vertebral collapse. In two patients, Cases xml 
and xviii, it was in part due to anemia. In other 
cases the weakness may have been due to elec- 
trolyte abnormalities. Three patients had posi- 
tive family histories of gross bony deformities, 
bone fractures, aminoaciduria, renal glycosuria, 
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Age 
(yr.) 
Case 
*Ol- 
|| 
31 34 35 4 1 | yes ye yes 
Ili 25 29 33 8 yes yes yes ve 
Iv 30 34 34 4 | ves yes ves 
v 26 36 39* 13 | ves ye ye 
v1 30 34 35* | 5 | yes yes ves nad ves 
Vu 8 13 15 7 yes yes ves r yes 
Vv 34 41 41 7 | yes ves es ve 
| | 57 9 lye 
32 44 45 13 | yes ves ves ve es 
48 51 51 3 yes yes ve 
38 47 9 yes yes ne yes 
x 47 50 56 9 yes yes yes ves 
x 33 36 42 9 yes ves ve ve 
16 16 ) yes yes ves ves es 
<\ 8 | 12 4 ves ves ve 
22 | yes | yes | ye 
35 41+ yes yes | ye 
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albuminuria and hypophosphatemia in various 
combinations in the members of their families. 
There was no history of consanguinity in any of 
the eighteen cases of the adult Fanconi syndrome 
although consanguinity had been noted in the 
childhood form by Fanconi®:® and McCune.”® 
Six patients of eighteen had a history or evidence 
of rickets in childhood, which may be an indica- 
tion that the disease process had begun long 
before any symptoms were recognized. 

On physical examination ten patients had 
bony tenderness somewhere in the back, thighs 
or ribs, and ten had gross bony deformities 
ranging from kyphoscoliosis and sternal de- 
formities to gross rachitic changes and dwarfism. 
One patient! had hepatosplenomegaly, probably 
a manifestation of multiple myeloma. Another 
patient, Case vu, had hepatomegaly; this 
was the man who at postmortem examination 
was found to have a hepatoma. It is of interest 
that hepatomegaly is a more common finding in 
the childhood form; it was present in four of 
fourteen cases in Bickel’s series.’ Dent explained 
hepatic dysfunction in these cases as secondary 
to the chronic loss of amino acids by the kidney. *? 
There was no hypertension noted in any of the 
reported patients. No cystine storage was dem- 
onstrated in any adult case of Fanconi syndrome 
during life or in four studied postmortem. 

Roentgenograms on all reported patients 
almost invariably showed these two prominent 
findings: (a) Multiple areas of fractures and 
pseudofractures of the ribs, pelvis, femurs and 
vertebrae. These were usually circular bands of 
diminished density which began in the cortex 
and then extended across the bone, seemingly 
severing the continuity, with little or no callus 
formation. These areas were correlated on post- 
mortem examination with areas of calcium 
deficiency and increased vascularity and were 
thought by Milkman!"! to be due to pressure of 
pulsating arteries on the softened bone. (b) Gen- 
eralized and patchy diminution in the density 
of bones, variably called osteoporosis, osteo- 
malacia or simply “‘rarefaction”’ as the nature of 
the disorder could not be determined roent- 
genographically. No significant rarefaction was 
seen on roentgenograms in Dragstedt’s patient 
(Case x11) even though pseudofractures were 
prominent. It seems that early in this disease 
pseudofractures may precede the appearance of 
recognizable osteomalacia. '* 

No true punched-out areas were seen in seven- 
teen cases, including a patient with multiple 
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myeloma, Case xu. In a patient with multiple 
myeloma, Case xvi, punched-out areas were 
seen late in the disease. Of interest are “patchy 
areas of thinning in the outer table of the skull’’ 
described in three other cases; no reproductions 
of the roentgenograms were found in the papers 
and a thorough evaluation of these findings was 
impossible. However localized lesions in the skull 
have not been described in osteomalacia. It 
seems, therefore, that coexistence of another 
condition such as multiple myeloma had not 
been ruled out with certainty in these cases. 

Table 1 summarizes the biochemical data on 
the eighteen reported cases of the adult Fanconi 
syndrome. Marked aminoaciduria was the usual 
finding, and when quantitatively measured as 
urinary alpha amino nitrogen it was found to 
be increased to 550 mg. to 2500 mg. per twenty- 
four hours (normal is from 200 to 550 mg. per 
twenty-four hours). The alpha amino nitrogen 
levels in plasma, however, were never elevated; 
they were either in the normal range (normal 
range 4.0 to 7.0 mg. per cent) or low (2.6 to 
2.9 mg. per cent). This relationship points to a 
renal etiology of the aminoaciduria. 

All eighteen patients had glycosuria; ketonuria 
was occasionally present in four patients. It is 
important to recognize the low renal threshold 
for acetoacetic acid, since the presence of acetone 
bodies in the urine may lead to an erroneous con- 
clusion that the glycosuria is diabetic in origin, 
and giving the patient insulin may precipitate 
serious hypokalemia.** The fasting blood sugar 
was within the normal range in all patients. ‘The 
glucose tolerance test was entirely normal in ten 
patients. In four patients the glucose tolerance 
tests were sometimes mildly diabetic, and glucose 
was present in all urine specimens. The maximal 
renal reabsorption of glucose (Tmg) was meas- 
ured and found to be decreased in three patients. 

The serum phosphorus was consistently low 
(0.9 to 2.8 mg. per cent) in sixteen patients. In 
two patients there were variations in the serum 
phosphorus levels related to transient azotemia. 
Phosphorus excretion in the urine was demon- 
strated to be increased in eleven of twelve pa- 
tients. The maximal tubular reabsorption of 
phosphorus (Tmp) was measured in three pa- 
tients and found to be decreased. It is believed 
that chronic renal loss of phosphate due to the 
specific renal defect is the cause of the rickets 
or osteomalacia which forms so striking a part of 
the syndrome. 

Serum potassium was slightly decreased in 
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TABLE 1 
SUMMARY OF LABORATORY DATA ON EIGHTEEN PATIENTS 
WITH THE ADULT FANCONI SYNDROME 


Number 
of 
Laboratory Test Patients Result 
Ex- 


amined 


Aminoaciduria 
Alpha-amino nitrogen 

level in plasma 
Glycosuria 


Ketonuria.. . 


Fasting blood sugar. . .| 


Glucose tolerance test 


Maximal renal reab- 
sorption of glucose 

Serum phosphorus. . . 


Urinary phosphorus 
excretion 


Maximal tubular re- 
absorption of phos- 
phorus (Tmp).. 

Serum potassium 


Serum uric acid 
Serum calcium 


Serum alkaline phos- 
Serum CO, content. . 


Renal glomerular 
function 


Renal tubular func- 


Proteinuria 
Bence-Jones protein- 


Serum protein studies. . 


Increased in all 


Normal in 7, low in 2 
Constant in 13, inter- 
mittent in 5 
| Occasionally present 
in 4 
| Normal in all 
| Normal in 10, mild 
inconstant ab- 
normality in 4 


| Decreased in 3 
| Consistently low in 
16, variable in 2 


| Increased in 11, nor- 
mal in 1 


| Diminished in 3 

| Normal in 4, de- 

| creased in 4 

| Low in 3, normal in 3 
| Normal in 15, slightly 
| decreased in 3 


Elevated in all 
| Decreased in 14, 
| normal in 2 


Normal in 12, slightly 
impaired in 5 


Diminished in 14 
| Present in 11 


Present in 2 
| Myeloma peak in 1, 
| hypogammaglobu- 
| linemia 1, non-spe- 
| cific globulin abnor- 
| malities 2; normal 
serum albumin and 
globulin in remain- 
| der 
| Present in 3 
| Plasmacytosis in 2 


four patients, with confirmatory changes in the 
electrocardiogram. The renal loss of potassium 
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may at times produce hypokalemia and episodes 
of muscular weakness in this disease. Serum uric 
acid values were low in three patients (1.4 to 
1.7 gm. per cent) and normal in three patients. 
Serum calcium was normal in fifteen patients 
with an occasonal high normal value; in three 
patients it was slightly decreased. Serum alkaline 
phosphatase was elevated in seventeen patients. 
The serum carbon dioxide content was decreased 
in fourteen patients. Serum pH was below 7.35 
in four patients and above 7.35 in three patients. 
Urinary pH was above 6.0 in seven patients, 
below 6.0 in three patients. Serum chloride 
was normal in nine patients and slightly elevated 
in four. 

Glomerular function as measured variously by 
blood urea nitrogen, urea clearance and inulin 
clearance was normal in twelve patients and 
slightly impaired in five. Nitrogen retention evi- 
dently may occur in the terminal stage of this 
disease. Tubular function, as measured variously 
by the ability of the kidney to produce concen- 
trated urine, to reabsorb phosphorus, glucose, 
bicarbonate, potassium, to form ammonia and to 
excrete phenolsulfonphthalein, was diminished in 


‘all fourteen patients tested. Eleven patients 


excreted protein in the urine, in two of these 
the protein proved to have Bence-Jones protein 
characteristics. 

In eleven patients serum protein determina- 
tions were made. In seven the total protein, 
albumin and globulin were normal; in one the 
globulin was elevated to 3.5 gm. per cent with 
albumin of 4.2 gm. per cent but an electro- 
phoretic study was not made. In one patient an 
increased alpha: fraction and decreased gamma 
globulin fraction were noted (a non-specific pat- 
tern occurring in many chronic and malignant 
diseases). In a patient with multiple myeloma, 
Case xu, a peak was noted in the slow gamma 
region. In one patient, Case xvi there was 
marked hypogammaglobulinemia. 

Anemia was not present in eleven patients, 
was very slight in one and marked in two (Cases 
x1 and xvi). No plasmacytosis was noted in the 
peripheral blood in any patient except one, 
Case xvui. Examinations of bone marrow were 
made in five patients; plasmacytosis was en- 
countered only in two patients (Cases xi and 
xvi). No intracellular inclusions were noted in 
any of the bone marrow cells except in those of 
one patient, Case 

In summary, the Fanconi syndrome in the 
adult consists of osteomalacia with multiple 
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fractures and pseudofractures, hypophosphate- 
mia with hyperphosphaturia, slightly elevated 
alkaline phosphatase, massive aminoaciduria 
with a normal plasma amino acid level, renal 
glycosuria; frequently there is albuminuria, 
alkaline urine, mild systemic acidosis, occasional 
hypokalemia and hypouricemia. Proximal renal 
tubule functions are impaired, glomerular 
filtration is normal or slightly diminished. 


PATHOLOGY AND ETIOLOGY 


Clay et al.*® made painstaking microdissec- 


tions of the individual nephrons in two cases of 


Fanconi syndrome and found consistently that 
the proximal convoluted tubule was shorter than 
normal and was joined to the glomerulus by a 
narrow “swan-like’” neck. This observation 
seems to pinpoint the primary lesion of the 
Fanconi syndrome to the proximal convoluted 
tubules of the kidney. 

In addition, two independent groups*’ studied 
the kidney of patients with adult Fanconi syn- 
drome by means of histopathologic technics 
and both demonstrated absence of alkaline phos- 
phatase from what they felt were proximal 
tubules, a region usually rich in this enzyme. 
However this change alone is non-specific and 
occurs in a number of conditions associated with 
degeneration of the tubules. *! 

The finding of a crystal-like material within 
the epithelial cells of the convoluted tubules in 
one patient, Case xvi, has added further 
evidence that the convoluted tubule of the 
kidney is the site of the lesion in the adult Fan- 
coni syndrome. 

There is no agreement on the nature of the 
anomaly. Some observers’:*:*? are impressed by 
familial occurrence in children and by occasion- 
ally positive family history of patients with adult 
Fanconi syndrome when siblings manifest one or 
two components of the syndrome. Stowers’ 
postulates a simple hereditary transmission; in 
individuals homozygous with respect to the trait 
typical Fanconi disease developing in childhood, 
with cystine storage, in individuals classifiable 
as heterozygous the Fanconi syndrome develop- 
ing in adult life. Dent'® believes that a simple 
recessive gene is ii: volved. 

Undoubtedly in some of the cases the adult 
Fanconi syndrome is hereditary. In this category 
belong the cases in which an unequivocally 
positive family history has been obtained: Cases 
vI, vu and vur. It is important that the urine 
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of relatives of the patient be examined for 
aminoaciduria as the most reliable means avail- 
able at present to rule out the Fanconi syndrome 
in its mildest or “incomplete” form. 

The “‘transition” form of Fanconi syndrome is 
probably also hereditary. We apply this term to 
the patients in whom the first symptoms occurred 
in late childhood: Cases vu, xv and xvi. These 
individuals may live long enough to require 
medical attention as adults. Cystine storage is 
usually absent and the clinical picture is transi- 
tional between adult and childhood forms. 
Rachitic changes and deformities of the bone 
are more frequently seen in the childhood form, 
acidosis and polyuria are more severe, and chil- 
dren are subject to temperature lability with 
curious febrile attacks and episodes of muscular 
weakness. Adults, on the other hand, manifest 
less systemic disturbances, show no cystinosis, 
but have more bone pain and tenderness with 
the pseudofractures. It is expected that with the 
current application of the principles of electro- 
lyte control in the children with Fanconi disease 
many may live through puberty and the “‘transi- 
tion’”’ group will increase in number. 

Exclusive of patients with clearcut family 
history and the “‘transition’’ cases, which account 
for five of the eighteen that were reviewed, there 
still remain a number of adult patients with 
Fanconi syndrome in whom heredity cannot be 
implicated. With expansion of our knowledge 
about the mechanisms of secondary renal amino- 
aciduria (Table m1), a strong possibility exists 
that some of the adult patients with Fanconi 
syndrome derive this disturbance secondary to 
some other factor or disease. 

Aminoaciduria associated with a normal 
plasma level of amino acids is a well known 
finding in Wilson’s disease.**:*4 Cooper et al.*° 
observed not only aminoaciduria but also renal 
glycosuria in three of six patients with Wilson’s 
disease. Another patient had derangement of 
calcium and phosphorus metabolism and osteo- 
malacia. These authors postulated damage to 
the proximal renal tubules by copper deposits as 
an explanation of this phenomenon. 

Van Creveld***’ reported a most interesting 
case wherein a seventeen month old child 
received large doses of vitamin De given for a 
year and rickets, renal glycosuria, albuminuria, 
aminoaciduria and phosphaturia developed. 
Cessation of the vitamin D therapy, to which the 
child was considered hypersensitive, led to 
alleviation of the condition. The author be- 
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TABLE II 
CAUSES OF AMINOACIDURIA * 


A. PRERENAL—associated with aminoacidemia, 
“overflow”? aminoaciduria 
1. Failure to utilize dietary amino acids for protein 
synthesis 
Certain steatorrheas, especially celiac disease in 
children 
2. Failure of liver to deaminate amino acids 
Acute yellow atrophy with generalized amino- 
aciduria 
Chronic liver disease with “‘hepatic cystinuria’”’ 
Postanesthesia transitory cystinuria 
Galactosemia 
Transient physiologic aminoaciduria of the 
newborn 
Increased protein catabolism 
Progressive muscular dystrophy, cortisone and 
ACTH therapy, hyperthyroidism, widespread 
cancer, extensive burns and crush injuries 
. Metabolic disorders affecting special amino acids 
Phenylketonuria (phenylpyruvic oligophrenia), 
tyrosinosis 
Alkaptonuria 
B. RENAL TUBULAR DEFECT—no aminoacidemia 
1. Primary cystine-lysinuria (benign hereditary spe- 
cific renal tubular defect for 4 amino acids: 
cystine, lysine, arginine and ornithin) 
2. Primary aminoaciduria 
Lignac-Fanconi disease in children: ? hereditary 
absence of phosphatase from the proximal 
convoluted tubule, producing generalized 
aminoaciduria, glycosuria, acidosis, hypo- 
phosphatemia, rickets and dwarfism with 
late cystine storage Tf 
Hereditary cases of the adult Fanconi syndrome 
3. Secondary aminoaciduria 
Copper deposits in Wilson’s disease*® 
? Vitamin D hypersensitivity in some rachitic 
patients *® 
Glycogen storage disease*® 
Lead intoxication *® 
Lysol burn and poisoning *! 
Uranium poisoning *? 
? Cadmium toxicity**-** 
? Bismuth toxicity* 
Experimental maleic acid toxicity *® 
? Bence-Jones protein deposits in multiple 
myeloma!*4 
Secondary adult Fanconi syndrome, cause 
unknown 


* Additional references for the listed conditions may be 
found in Brick®* and Bickel.’ 

t Some believe that Lignac-Fanconi disease in chil- 
dren is due to an inborn error in the metabolism of amino 
acids with resulting storage of cystine and overflow of this 
and other amino acids in the urine. 


lieved that this transitory Fanconi syndrome was 
caused by the effect of the vitamin D on the 


renal tubules. Rabbits fed excessive doses 
of calciferol do, indeed, develop intrarenal 


microscopic calcium deposits and_ tubular 
degeneration. 

Fanconi and Bickel**’ noted the syndrome of 
aminoaciduria without aminoacidemia, of renal 
glycosuria, polyuria, phosphaturia, albuminuria, 
alkaline urine, hypophosphatemia, mild systemic 
acidosis, rickets and dwarfism in a child with 
glycogen storage disease and felt that this 
syndrome was due to the damage of the proximal 
renal tubules by the glycogen deposits in the 
kidney. 

Wilson and Dent*® reported the occurrence 
of renal glycosuria, albuminuria and amino- 
aciduria in chronic lead intoxication in children, 
presumably secondary to damage to the tubules 
by the metal while it was being excreted by the 
kidney. 

Renal glycosuria and aminoaciduria in the 
face of a normal plasma amino nitrogen level 
were reported in a case of a severe lysol burn in a 
laboratory assistant as a probable manifestation 
of gross tubular dysfunction during the early 
diuretic phase. These changes were reversible. 

Uranium is recognized as another potent 
nephrotoxic agent which acts on the proximal 
convoluted tubules. Experimental uranium 
poisoning in rabbits results in marked amino- 
aciduria and albuminuria, among other defects. ** 

Nicaud**® and Lafitte** reported six cases of 
typical Milkman syndrome with bony rare- 
faction and “‘pseudofractures,’’ hypophosphate- 
mia and increased alkaline phosphatase among 
cadmium workers. No studies of aminoaciduria 
were conducted in these cases. Bismuth is 
another metal which has been implicated in 
causing “osteoporosis” in a vigorously treated 
syphilitic patient.*° 

Harrison and Harrison*® produced 
glycosuria, phosphaturia and aminoaciduria in 
rats by injection of maleic acid intraperitoneally 
and postulated damage to the proximal tubules 
by that agent as an explanation for this transient 
Fanconi syndrome. 

Damage to the kidney by endogenous deg- 
radation products of protein has long been 
suspected by Zollinger,*? who described a 
chronic interstitial nephritis of disorders of 
protein metabolism in cases of multiple mye- 
loma, lipoid nephrosis, amyloidosis and gout. 
These patients were not sufficiently studied 
clinically to ascertain the presence of a Fanconi 
syndrome. 

It seems, therefore, that there are a number of 
agents and conditions which can damage the 


renal 
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proximal renal tubules, resulting in a partial or 
complete Fanconi syndrome. From the reports 
available, it is difficult to point out the responsi- 
ble agent in each of the reviewed cases. How- 
ever several possibilities become apparent. One 
patient, Case xu, had received massive anti- 
syphilitic treatment in the form of bismuth; 
although in usual clinical doses bismuth seems to 
be harmless, osteoporosis due to bismuth has 
been reported.*® It is of interest that two of the 
patients, Cases xm1 and xvi, had associated 
multiple myeloma with marked Bence-Jones 
proteinuria. It is quite possible that prolonged 
Bence-Jones proteinuria with deposits within 
the renal tubular cells results in a reabsorption 
defect identical with that in the Fanconi syn- 
drome. The finding of the crystal-like material 
within the epithelial cells of the convoluted 
tubules in a patient, Case xvi, supported this 
hypothesis.’ 

Even though there are a number of agents 
known to cause a partial or complete renal 
tubular reabsorption defect, this action must be 
fairly specific in such instances since patients 
with diffuse renal disease and considerable renal 
damage do not exhibit excessive amino- 
aciduria.** Predominance of heavy metals on the 
list of causative agents associated with this 
reabsorption defect and the report by Clarkson 
and Kench** of increased amino acid excretion 
by men absorbing heavy metals further points up 
a certain degree of specificity. 

A review of available evidence indicates that 
the adult Fanconi syndrome includes primary 
cases of a hereditary defect in tubular reabsorp- 
tion, and secondary cases in which the defect 
resulted as a complication of an underlying 
process. The responsible agent in the secondary 
cases can be either a space-occupying deposit 
in the proximal convoluted tubular cells or 
a chemical toxin affecting the reabsorption 
processes. 

It is expected that with more frequent clinical 
application of paper chromatography technics, 
more cases will be detected and that a wider 
spectrum of causative agents will become 
known. 

It is also suggested that many cases reported 
under Milkman’s and “Vitamin 
D resistant rickets’”®?** may be related to the 
adult Fanconi syndrome. In the spectrum of the 
functions of the proximal convoluted tubules, 
few or all may be affected in any particular case. 
Hyperphosphaturia with resulting osteomalacia 


JANUARY, 1957 


and apparent “‘vitamin D resistance” may be the 
only manifestation in the ‘‘mild case,” while on 
the other side of the scale, additional glycosuria, 
aminoaciduria, polyuria and hyperkaliuria con- 
stitute an advanced case.** Furthermore, it is 
suspected that if studied for aminoaciduria and 
other metabolic derangements, some of the so- 
called ‘‘vitamin D resistant osteomalacias” with 
a radiologic Milkman’s syndrome will be found 
to have involvement of other functions of the 
proximal tubules. 


PREATMENT 


Most of the patients on record have been 
treated with vitamin D, at one time or another 
and have been found “‘resistant”’ in the sense that 
their symptoms and bone changes were not 
affected by conventional doses. In some, benefit 
was achieved by massive vitamin De doses (100, 
000 units and more per day) along with a nutri- 
tious diet high in calcium. The patients showed 
relief of pain and the x-ray films revealed 
remineralization and healing of fractures. !*:?%.27.?8 
Hiatt et al.** add strontium lactate, 6.3 gm. a © 
day, to the regimen. Dent*®*? recommends 
administering an initial dose of 50,000 units of 
vitamin D and increasing it gradually in an at- 
tempt to raise the serum phosphorus level to 
normal. The lowest maintenance dose is then 
attained. Some individuals may require as much 
as 500,000 units a day. The serum calcium level 
should be determined every two to six weeks and 
the drug discontinued if the serum calcium exceeds 
11.5 mg. per cent or if the patient complains of 
decreased appetite, nausea, polyuria and dys- 
uria. Dragstedt,?* on the other hand, recom- 
mends using the serum alkaline phosphatase 
determination as an indicator of vitamin D over- 
dosage. He feels that administration of the 
vitamin should be discontinued as soon as the 
serum alkaline phosphatase returns to normal. 

An important aspect of treatment is correc- 
tion of an existing electrolyte imbalance. Shohl’s 
alkalinizing mixture, which contains 140 gm. 
of citric acid and 98 gm. of sodium citrate in 1 L. 
of water, is recommended by Albright’? and was 
used successfully by Anderson”! and Sirota** for 
correcting systemic acidosis. The patient drank 
30 cc. of this mixture three times a day with 
restoration of normal electrolyte balance, re- 
calcification of bones and healing of fractures. 
Metabolic studies indicated that a high intake of 
calcium and phosphorus potentiate the effects 


of Shohl’s regimen. The alkalinizing mixture 
should be continued indefinitely with the aim of 
maintaining serum carbon dioxide content at 
25 to 27 mM/L. Oral administration of citric 
acid should also facilitate calcium absorption 
by increasing the acidity of the intestinal 
contents.” 

Modification of this alkalinizing regimen may 
be accomplished by addition of potassium citrate 
for those who also manifest hypopotassemia.”* 
A corrective solution may contain 140 gm. of 
citric acid, 75 gm. of sodium citrate and 25 gm. of 
potassium citrate in 1 L. of water. The patient 
ingests 30 cc. of the mixture five times a day. 
Milne’s patient had a most remarkable recovery 
following a month of this alkalinizing regimen, 
plus calcium lactate, 8 gm. and calciferol, 150, 
000 units a day. The patient was able to walk 
without pain, the bony tenderness disappeared, 
pseudofractures healed, and the serum electro- 
lytes returned to normal.”? 

A further refinement of the regimen, first 
introduced by Anderson,”! is the addition of sex 
hormones, especially testosterone. The theoretic 
reason for the use of sex hormones in the adult 
Fanconi syndrome is their known effect on any 
secondary osteoporosis by way of inducing a 
positive nitrogen, calcium and _ phosphorus 
balance.** Methyl testosterone, in addition, has 
been demonstrated to have a renal effect, induc- 
ing hyperplasia of renal tubules in animals.*° 
Its renal effect in humans is not so well defined. 
In Anderson’s case”! it was used in doses of 25 
mg. of oral methyl testosterone daily and was 
found to be followed by a decrease in amino 
acid excretion in the urine as well as by subjec- 
tive improvement in the patient. 

Treatment of the adult Fanconi syndrome 
then, has been aimed at correction of the 
symptoms by high calcium, high phosphorus and 
strontium intake, massive vitamin Dz» doses, 
alkalinization and administration of sex hor- 
mones. Definitive treatment should include an 
attempt to correct the primary cause of the 
syndrome in each case. 


SUMMARY 


Eighteen reported cases of the adult Fanconi 
syndrome are reviewed. 

The possible etiology of this syndrome is 
discussed. Although some cases of adult Fanconi 
syndrome are undoubtedly of hereditary nature, 
others may result from acquired kidney lesions 
in a number of disease processes. 
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Forms of therapy currently in use are men- 
tioned. 
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Myeloma, Macroglobulinemia and Related 


Conditions 
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ORE or less chronic conditions character- 
M ized by a markedly abnormal (quantita- 
tive and/or qualitative) serum protein pattern 
have been designated ‘“‘dysproteinemias.’’ The 
correlation between different clinical pictures 
of dysproteinemia and various physicochemical 
or chemical characteristics of the abnormally in- 
creased protein fractions is not only of academic 
interest but also of practical diagnostic and 
prognostic value. As yet no single laboratory 
method is available for differentiation of the 
various types of dysproteinemia. However the 
relatively simple method of quantitative protein 
electrophoresis will yield data possibly permit- 
ting a better classification of the dysproteinemias. 

In one of the two main types of dysproteinemia 
the electrophoretic diagram usually shows a 
characteristic narrow peak (band) somewhere in 
the 8-y region.'! The shape of the peak (band) 
suggests that, of the many individual serum 
proteins in the 8-y region, only one, or at most 
a few, occurs in increased concentration. This 
type of diagram is seen in systemic diseases such 
as multiple myeloma, macroglobulinemia, cer- 
tain rare instances of “‘reticulosis’’ or lymphatic 
leukemia, and sometimes in the absence of any 
known symptoms. 

The other group is also characterized by an 
increase of 8 or y globulins but here the peaks or 
bands are wider than those seen in the “sys- 
temic”? diseases. This greater width implies an 
increased concentration of at least several indi- 
vidual proteins with isoelectric points close to a 
value corresponding to the top of the peak. The 
peaks (bands) vary in width; they may cover 
only half the normal y region or the entire y 


region and part of the 8: region. This type of 
diagram is seen in such diseases as chronic pro- 
tozoal, bacterial and viral infections, collagen 
diseases, hyper-immune states and ‘‘essential”’ 
hyperglobulinemias (Waldenstrém and others). 
The electrophoretic and ultracentrifugal be- 
havior of the pathologic y-globulin in a chronic 
viral disease (lymphogranuloma venereum) 
with this type of increase was studied by Peder- 
sen, Sonck and Waldenstrém.? 

The appearances of the eiectrophoretic pro- 
tein patterns in these two types of dysprotein- 
emias are illustrated in Figure 1. 

The present paper is concerned with the 
electrophoretic protein and carbohydrate dis- 
tribution in serums from patients belonging to 
the first type, the systemic diseases. During 
the last decade interest in plasma glycoproteins 
has been concentrated mainly on the a-globulin 
fractions (Werner,* Winzler,* Schultze et al.,° 
Greenspan*), since the main part of the normal 
glycoproteins belong to this electrophoretic 
protein group and the bulk of normal y-globulins 
are known to contain only 1 to 2 per cent 
carbohydrate when estimated as galactoman- 
noside. These figures were obtained when 
y-globulins were analyzed after isolation by 
preparative boundary electrophoresis, convec- 
tion electrophoretic technics, or by precipitation 
with salts or ethanol under standardized condi- 
tions. The two last methods were used by 
Hillman and Lohss’:* and Smith et al.’ to isolate 
the abnormal components of serums from pa- 
tients with multiple myeloma. They studied the 
purified proteins in detail by several chemical, 
physicochemical and immunochemical methods. 


* From the Departments of Clinical Chemistry and Internal Medicine, Malmé General Hospital, the University 
of Lund, and the Biochemical Institute, University of Uppsala, Sweden. This investigation has been supported by a 


grant from The Swedish Cancer Society. 
+ Present address: Uppsala, Sweden. 
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Since the pioneer work of Lohss and Hillman’ * 
does not seem to have received the attention it 
deserves, their carbohydrate determinations are 
given together with those of Smith et al.® in 
Table 1. Both groups of investigators found a 
higher carbohydrate content of some of the 8 and 


TABLE I 
HEXOSE CONTENT * 


Nor- Varying 
mal Mobility 


1.5-2.5 | 2.7, 4.0, |3.8/3.4 
(6 cases) 3.6 
85, 3. 3.1 
1.59 


Lohss et al.® 


Smith et 


*On analysis of “‘abnormal’’ serum protein com- 
ponents with varying electrophoretic mobility isolated 
from different myeloma serums. 


a myeloma serums than of the y myeloma 
serulmls. 

A new, simple approach to semi-quantitative 
estimation of carbohydrate distribution among 
the serum proteins was inaugurated by 
Kéiw and Grénwall.'° They combined electro- 
phoresis in a filter paper medium with a histo- 
chemical method for coloration of carbohydrates 
(oxidation of the glycoproteins with periodic acid 
followed by staining with Schiff’s reagent). 
This periodic acid-Schiff method has since been 
modified and used by several research workers in 
investigating the pattern of glycoproteins in 
different dysproteinemias such as the systemic 
diseases. 

The densitometric technic was regularly used 
to evaluate the color of the paper strips ob- 
tained after electrophoretic separation and stain- 
ing of the carbohydrates. Diagrams showing 
that the carbohydrate content of the pathologic 
fraction in myeloma serums varies from one 
patient to another have been published by sev- 
eral authors!'~!4 and in macroglobulinemia a 
relatively strong Schiff color has been ob- 
served.!'1516 In the estimation of the carbo- 
hydrate content of the abnormal component 
preparative zone electrophoresis on paper was 
used in a few cases of myeloma by Sonnet'® and 
Olhagen” and in one case by Goa."® 

An increased concentration of hexoses and 
hexosamine in the serum from patients with 
“multiple myeloma” has also been found by 
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Fic. 1. The electrophoretic appearance of the y-globulin 
fraction in different types of “‘dysproteinemia.”’ 


Greenspan,’* Sachs,'* Sonnet’® and 
Smith.? Several who have 
analyzed one or two serums each from patients 
with macroglobulinemia found a high serum 
content of hexose and hexosamine. The periodic 
acid-Schiff color of the abnormal compone 
was also found to be intense. Sonnet!*® showed a 
markedly increased fucose concentration in the 
pathologic serum fractions from a few patients 
with systemic diseases. 

Di Guglielmo et al.*°*! therefore expressed the 
opinion that a high polysaccharide content 
might possibly distinguish the macroglobulins in 
macroglobulinemia from the abnormal proteins 
in myeloma. The material hitherto available has, 
however, been insufficient for valid conclusions 
on this point since relatively high concentrations 
of carbohydrates have also sometimes been 
found in myeloma serums. 


Rice, 2 


EXPERIMENTAL DATA 


Material: All the serums used have been stored at 
—15°c. usually for one month to two years. 

Methods: Moving boundary electrophoresis according 
to Svensson.”* 

Quantitative paper electrophoresis according to Laurell, 
Laurell and Skoog.** The buffer used contained cal- 
cium ions. This results in a splitting of the 6-fraction 
into two fractions with different electrophoretic 
mobilities. The fraction with higher mobility was 


25 
Da ae 4 
MYELOMA 
.12.2-2.9 
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called 6; and the one with lower mobility was 
called 

Serum protein concentration according to Kjeldahl. 

Protein-bound hexose (anthrone reagent) according to 
v. Holt,?® who states that this procedure only deter- 
mines mannose and galactose but we found interfer- 
ence by fucose. The product obtained from the reac- 
tion between fucose and anthrone gives, under 
the same conditions, approximately the same specific 
extinction as the reaction product from mannose- 
galactose (1:1). We made separate determinations of 
the fucose content of the different serums. It would 
have been possible to calculate the values for true 
hexose from the values obtained for “protein- 
bound hexoses” and fucose. This was not done because 
we were not convinced of the reliability of the fucose 
values, and because most other authors give their 
values for protein-bound hexoses without correction 
for the presence of fucose. 

Protein-bound hexosamine according to a micro- 
modification of Elson and Morgan’s*®*’ method. 

Protein-bound fucose according to Winzler’s* modifica- 
tion of Dische and Shettles’®” method. Our normal 
values agreed with those of Winzler but a critical 
analysis of the method suggested that the fucose 
values obtained with Winzler’s method can be ac- 
cepted only as a rough semi-quantitative expression of 
the fucose content of serums when protein-bound 
hexoses occur in widely varying concentration. 

Stalic acid according to Werner and Odin.** The 
method has been adapted for serum analyses and is 
therefore presented in detail. 

Dilute 0.50 ml. serum (constriction pipette) with 
1.0 ml. NaCl (0.85 per cent). Discharge 0.5 ml. of this 
dilution into 10 ml. alcohol with the aid of a constric- 
tion pipette. Mix at once. Centrifuge. Decant the su- 
pernatant. Immediately add 5 ml. NaCl (0.85 per 
cent) and shake the tube as soon as possible to 
dissolve the precipitate. Centrifuge. Transfer 4 ml. of 
the solution to a centrifuge tube with a ground-glass 
stopper and mix with 3 ml. of the orcinol reagent 
(v. seq.) and 0.2 ml. FeCl; solution. Heat the tubes for 
exactly ten minutes at 108°c. + 0.2° and then cool un- 
der running tap water; add 4 ml. redistilled amyl 
alcohol (see Werner and Odin**). Shake. Centrifuge. 
Read the upper layer at 570 my against a blank 
obtained by replacing the serum by water. The stand- 
ard curve was constructed with the aid of pure sialic 
acid. * 

The orcinol reagent is prepared as follows: Dissolve 
375 mg. orcinol (Eastman) and dilute to 200 ml. with 
dilute HCl (200 ml. conc. HCl + 50 ml. distilled 
H,Q). The ferric chloride solution is prepared as fol- 
lows: Dissolve and dilute 90 mg. FeCl3. 6 HzO to 25 
ml. with diluted HCl (200 ml. conc. HCl + 50 ml. 
distilled 

Electrophoretic polysaccharide (periodic acid-Schiff) pat- 
tern: After elecuwcphoretic separation, stain the filter 


* The sialic acid was supplied by Dr. L. Odin. 


papers according to Bjornesj6** (modified by Laurell 
and Skoog*’). Elute the dye and determine the per- 
centage of the color in the various electrophoretic 
protein fractions. 

Euglobulin test with distilled water, ‘“‘water dilution 
test.” (Sia.*') Pipette one drop of serum onto the sur- 
face of the distilled water in a cylinder about 25 cm. 
high. A more or less pronounced cloudiness may be 
seen in different pathologic and normal serums. In the 
present investigation the test was judged to be positive 
only when a massive precipitate appeared immedi- 
ately and settled rapidly to the bottom of the vessel 
without formation of any diffuse cloudiness behind the 
sedimenting floccules. The precipitate is readily 
soluble in normal saline solution. 

Ultracentrifugation was performed by K. O. Pedersen. 

Terminology: Proteins with a mobility less than that 
of the bulk of the normal y-globulins (v2) were desig- 
nated ‘v3 (slow y-globulins). Fractions with a mobility 
higher than that of y2 but lower than that of 82°* were 
termed ; (fast y-globulins). With the technic em- 
ployed the proteins of the conventional 8-group were 
separated into two groups (82°* and §;).* 

Two of the abnormal components here designated 
as B.~* components showed, in free electrophoresis, 
the same mobility as the bulk of the 8-globulins. Fig- 
ure 2 gives typical patterns of ““abnormal”’ proteins of 
varying mobility, and illustrates the principles of 
classification. The limits between the groups were 
arbitrary and the groups overlapped one another. A 
single component with a mobility value intermediate 
between those of the 6.“ and the y;-fractions, for 
example, was designated a 8,-y, component. 

Calculations: The numerical values reported herein 
are based not only on the analysis effected but also on 
calculations founded on the following assumptions: 
(a) that with the technic employed all proteins bind 
the same amount of bromphenol blue per unit of 
weight. The values obtained on analysis of serums 
from apparently healthy individuals, by the staining 
technic used, agreed fairly well with data hitherto 
obtained by the moving boundary electrophoresis 
technic. In spite of this the absolute protein values 
recorded for the concentration of the “abnormal” 
component must be regarded as semi-quantitative. 
(b) that the color obtained in the various electro- 
phoretic paper segments after oxidation and treat- 
ment with Schiff’s reagent is proportional to the 
polysaccharide content of the respective segments. 
This assumption is supported by Bjérnesjé’s*® observa- 
tions on the stainability of different glycoproteins. He 
showed that glycoproteins with a polysaccharide 
moiety of varying composition stain in proportion to 
the total amount of polysaccharide and not in propor- 
tion to any of the individual sugars contained therein 


* This separation can be explained mainly by the fact 
that the electrophoresis buffer used contains calcium ions, 
which retard the migration of some of the proteins (82°) 
belonging to the §-group. 
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(hexose, hexosamine or sialic acid). No data are avail- 
able on fucose but since fucose is included in glyco- 
proteins in only low concentration, its reaction in tests 
using the periodic acid-Schiff technic is not absolutely 


specific; a quantitative addition of color in one or 


TABLE IU 
ELECTROPHORETIC PROTEIN PATTERN * 


Abnormal 
Component 
serum 
Total Albu- 


Pro- min Con- 


Mo- 
bil- 


ity 


cen- 
tra- 


tion 


Patients with 


NWN Ww W 


mo 


or 


DW 


> 


) 
3 
3 
3 
3 
) 


Diseases 


75 |2.49 
66 |5.48 
70 |3.22 
63 |4.76 
53 |6.09 
70 |4.57 
61 |6.23 
55 10.83 
62 |3.30 
85 |1.71 
63 |1.73 
37 16.03 


oOo 


Va NUS 


Normal Subj 


Normal 
mean 


value 


Standard 
deviation 


are given as gm. protein/100 ml. serum 


more fractions can, for example, be due to the occur- 
rence of unsaturated fatty acids or other reactive 
lipids. The periodic acid-Schiff values can therefore 
be used only for semi-quantitative calculations. 
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NORMAL 


MYELOMA 


v1 


T2 


Fic. 2. Examples of serums containing abnormal com- 
ponents with varying mobility. 


RESULTS 


The results are divided into two main groups: 
1, Cases 1 to 18, myelomatosis; 1, Cases 19 to 30, 
macroglobulinemia, lymphatic leukemia, etc. 
Brief case histories are appended. 

The results of the serum protein determina- 
tions and of the paper electrophoretic fractiona- 
tions, and the mobility of the abnormal com- 
ponents are given in Table u. In all the tables 
the patients in both groups are arranged accord- 
ing to the mobility of the pathologic serum 
protein fraction. The values for all electro- 
phoretic fractions are given for two reasons, first 
because the albumin and a-values reflect the 
degree of activity of the pathologic process, and 
second because the main portion of the normal 
glycoproteins belong to the a-groups. The latter 
fact makes it difficult to evaluate the distribution 
of the glycoproteins in serums containing an 
abnormal y- or 8-fraction in low concentration. 
At the bottom of the tables, the normal values 
obtained on analysis of eighty-five serums from 
apparently healthy blood donors are given for 
comparison. The standard deviation embraces 
the error of the method and the biologic varia- 
tion. In the last column of Table 1 the calculated 
value of the absolute concentration of the ab- 


a 
‘ 
Group |. Myeloma 
O.A 13 |0.31 |0.39 |0.54 |7.88 .§ 1 
K. J 04 |\0.46 |\0.6 52 |3.80 3 
H.H 63 \0.34 |0.62 ( 6.51 
H. I 4 7 56 1 ) ) 27 17 03 6.5 
44 10.29 10.42 |0.52 |5.09 +2 4.( 
) 19 10.25 2 ) 40 18.17 
©. kK 4 464 39 ) 5 17.6! 7 
12 10.59 |0.68 10.79 |1.25 
89 10.41 10.46 |5.64 
W. J 1 53 |0.57 |2.64 Bo-vyi 
O.H 57 (0.32 0 50 |5.46 Bo-vy1 
71 10.32 10.55 10.55 |5.48 | Bey 
J. ¢ R 4 06 ) 27 10.48 14.14 50 
N 41 |0.36 [0.63 |5.73 |0.50 | 
N. J gg 34 10.57 |3 23 10.54 
3, A. H 8 | 2.64 |0.29 10.58 |7.17 |0.40 | Bi-Be 
Group II. Patients with Other 
NOW 
M. I 
VW 
F. I 
MO 
+N. R 
G.M 
G.A 84 
16 
8, E. P 
0) 
M. B 10.06 
Eighty-five 
4.7 10.35 10.53 |0.77 10.89 
030 
valves 
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TABLE 1 
CONCENTRATIONS OF POLYSACCHARIDES 
IN UNFRACTIONATED SERUMS* 


Poly- 

Sialic sac- 
— Acid cha- 
ride 


Hex- | Hexos- 
ose amine 


Group I. Patients with Myeloma 


244 | 86 
207 138 
175 190 
195 160 
138 113 
153 130 
128 103 
207 164 
179 137 
138 152 
280 215 
143 103 
285 164 
188 169 
201 

297 

268 

357 91 


> 


Group IT. Patients with Other Diseases 


243 191 43 102 
308 236 102 
239 209 18 74 
312 200 21 72 
492 270 39 102 
358 184 29 109 
410 203 

143 87 

364 213 

132 99 

176 

385 


Normal Subjects 


Normal 
range of 


variation |106-132) 80-100 |6.0—11.2) 50-65 


* All values are given in mg./100 ml. serum. 
+t The sums of the components with the exclusion of 
fucose. 


normal components is given. This calculation is 
based on the protein value found in the paper 
segment containing the abnormal fraction, and 
from this value we subtracted a visually esti- 
mated value for other proteins that had fallen 
within the segment under consideration. In 


those cases in which the abnormal component 
was predominant, the relative experimental! 
error was small. In those cases, however, in 
which the abnormal component represented less 
than half the color of the segment under con- 
sideration, only a relatively good approximation 
was obtained for the concentration of the abnor- 
mal component. For values given as 1.0 to 0.6 
per cent the error was probably of the order of 
+10 per cent and for lower concentrations +20 
per cent. The systematic errors caused by the 
differing stainability of the various proteins with 
bromphenol blue are not included. 

Table m1 gives the content of protein-bound 
hexose, hexosamine, fucose and sialic acid in the 
different serums. At this stage of the investiga- 
tion these determinations were made only on 
whole serum and not on isolated electrophoretic 
components. [t is apparent from the data of 
Table m that the polysaccharide content of the 
serum from these patients varies between normal 
and markedly increased levels. On comparison 
of Tables u and 11 it is apparent that the degree 
of increase in the polysaccharides depends on the 
concentration of the abnormal component, but 
that no correlation is demonstrable between the 
values for the concentration of the abnormal 
protein fraction and the values for the total 
polysaccharide concentration or that of any of 
the simple sugar constituents. 

The relative distribution of the 
charides among the various electrophoretic 
fractions was determined by analysis of the peri- 
odic acid-Schiff-stained filter papers. The rela- 
tive color distribution among the various frac- 
tions which was obtained is, however, of limited 
interest when the electrophoretic protein pattern 
is markedly abnormal or when it is desired to 
compare the carbohydrate content of different 
electrophoretic components from various serums. 
The relative values obtained with the periodic 
acid-Schiff method were therefore converted 
into absolute values, on the basis of values found 
for the protein-bound and anthrone-reacting 
substances in the various serums. (Table v.) 
These are chiefly galactose and mannose. No 
correction was made for the methodologic error 
caused by fucose or tryptophane. Since hex- 
osamine and sialic acid also react with periodic 
acid-Schiff, the percentages preferably should 
have been converted to absolute figures on the 
basis of the total polysaccharide content of the 
serum. Since our normal, electrophoretically 
fractionated, serums had been analyzed only for 


polysac- 
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l, Q. 411 
) 434 
3. H. 450 
4, F. ) 421 
S. N. 306 
6, J. 324 
303 
8, K. 416 
9, L. 357 
10, >. 361 
11, ) 585 
12, 333 
586 
14, 
438 
16, ) 673 
17, 473 
18, F 648 
19, N. W. 536 
20, M. F. 646 
21, S. W. 522 
22, F. F. 584 
23, M. O. 864 
24, N. R. 651 
25, G. M. 720 
26, G. A. 307 
27, E. S. 659 
28, EB. FP. 304 
29,H K. 375 
30, M. B. 683 
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TABLE IV 
RELATIVE CONCENTRATIONS OF POLYSACCHARIDE 
CONSTITUENTS * 


Sialic 


Hexos- Fuc 
ucose Acid 


Hexose 
amine 


= = 


Group I. Patients with Myeloma 


NM NM NN NN NW NW NW NW 


NN WN WN 


Group IT. Patients with Other Diseases 


IW 


= 


NM 


28. E. P. 
29, H. K. 
30, M. B. 


9 
2 
2 
2 
2 
2 
2 
2 
2 


Normal Subjects 


| 


y-fraction** 
8-fraction** 


* All values are given in arbitrary units; the value 
found for hexose was set as a standard of 2 units. The 
analytical values found for the various constituents were 
divided by half the hexose value in order to obtain the 
units employed. No allowance was made for differences in 
molecular weights. 


the content of anthrone-reacting substances, we 
decided to convert the percentages to absolute 
values in order to obtain suitable figures for 
comparison. This procedure is acceptable only if 
the simple sugars (mannose, galactose, hexosa- 
mine, fucose and sialic acid) are included in the 
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TABLE V 
ELECTROPHORETIC DISTRIBUTION OF PROTEIN-BOUND 
POLYSACCHARIDES 


**Hexoses”’ in Per 
cent of 
Periodic 
Acid- 
Schiff 
Stain 
Bound 
to 
Patho- 
logic 
Com- 


Total | Albu- 
Serum min 


Group I. Patients with Myeloma 


30 
31 


NWN 
~ 
uw 


PrP 


IN Ww 


~ 

© 


IW @ 

WN & WH Wh 


N 


134 
264 


. Patients with Other Diseases 


why 


Oo 


NM & WN DN WH 


Thirty-four 


Normal 
range of 
variation |}106-132| 5-15 


| 


Note: All values except those in the last column are given as mg. 
hexose per 100 ml. 

* Figures in these columns represent cases in which the mobilities of 
the ‘“‘abnormal” fractions were such that it was found suitable to change 
the standard system used when cutting the paper strips before elution 
of the color to avoid dividing the abnormal component between two of 
the standard fractions 


same percentages in all serum polysaccharides. 
In order to investigate the correctness of this 
assumption the relative contents of the protein- 
bound ‘sugars were calculated. (Table tv.) For 
comparison, the value for the protein-bound 
hexoses was arbitrarily taken as 2. The table 
shows that the proportions between the sugars 


1, A. O. 0.2 0.7 
5 0.2 1.0 
>, 4 1.0 ponent 
9, A. N. 8 0.2 0.9 
6, A. J 9 0.2 0.6 
Pas 7 O 244 74 29 
8. O. K 7 0.5 a. J 07 31 13 
04 5 3, 175 21 94 
195 37 64 1 
U. 4 ) 2 1 N Q | 25 43 28 
ii. 2: B 5 0.6 6 J 153 21 80 50 
12. W. J 6 0 a ‘s I 28 26 38 27 
35 69| 31 
13, O. H. é v 1.0 ), K.I 179 39 29 69| 35 
14, G.I 0 0 10, 59 16 12 3 
15. J. ¢ 9 0 0.9 11, 31 | 21* 186* 64 
16. S.N. 17 0 11 12, Ww. J 43 , 51 22 22 10 
‘7 NY 13,O0.H 285 3 | 99 | 40 | 31 182 60 
17, N. 1.1 14, G. L 188 | 30 | 28 | 34 | 27 
18, A. H 1.2 0 0.5 15, J. ¢ 201 4 | 20 | 36 111 30; 55 
16, S. N 297 24 | 36 | 24 204 | 67 
17, N. J 268 46 | 62 23| 41 
18, AH. | 357 | 3 | 29 | 36 25| 66 
19. N.W 1.6 0.4 | 
20. M. 1.5 0.7 
17 19, N. W 243 3 40 29 140; 53 
1,5. 0, M. I 308 14 40 31 190 58 
0 ,S.W 11 34 25 145| 59 
23. M. O ‘=. 0 0 , F. F. 312 11 40 22 351 | 67 
: M. O 492 19 54 34 351 70 
0 0 > 
24, N.R 1.1 ,N.R 358 0 68 25 222| 60 
25, G. M 1.1 0 0.5 ,G.M 410 4 49 29 295} 71 
26, G. A =o 0 | 6,G.A 143 mm 3 30 26 43 | 28 
7 ES 13 0 0 ,E.S 364 is | 29 18 277| 74 
a , E. P. 132 10 29 20 51| 31 
1.6 0 176 | 48 23 57| 27 
1.5 0 1 | 23 302 73 
mal Subjects 
| | | 


« 


are, on the average, 2 (hexose), 1.5 (hexosamine) 
and 0.8 (sialic acid). In many serums of both 
groups the interrelationship varies among the 
sugars more than can be ascribed to chance. 
This implies that the polysaccharide content of 
the different glycoproteins is of varying com- 


TABLE VI 
MOBILITY, ULTRACENTRIFUGAL SEDIMENTATION VELOCITY, 
CONCENTRATION AND COMPOSITION OF THE “SABNORMAL”’ 
COMPONENTS 


Concen- Poly- 
tration Hexose sac- 
in Serum Content charide 

(g per %) Content 
| 100 mi.) %) 


Sedimen- 
Mobil- tation 
ity Constant 
(S20) 


Group I. Patients with Myeloma 


= 


au 


ow 


2 
4 
3 
5 
2 


Vn 


Group II. Patients with Other Diseases 


position. This variation is, however, not so 
large as to invalidate the principles adopted for 
calculating the carbohydrate content of the 
different electrophoretic components, because 
these are only to be used for rough comparative 
studies. Investigations are in progress to 
elucidate the value of the method by study- 
ing polysaccharides from isolated “abnormal” 
glycoproteins. 

Before the strip stained for polysaccharide was 
cut into segments, the strips stained for protein 
and polysaccharide were compared visually to 
decide whether the pathologic protein compo- 
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nent appeared as a distinct band of one and the 
same mobility in both strips. Such agreement 
was obtained for all of the cases described herein. 
This inspection alone is enough to obtain a 
rough idea of the relative carbohydrate content 
of the abnormal component. 

The calculations made on the basis of the 
distribution of periodic acid-Schiff reacting 
substances after electrophoresis and on the basis 
of anthrone-reacting substances in whole serum 
are given in Table v, at the bottom of which the 
normal distribution is also indicated. The per- 
centage of the color recovered from the same 
paper segment containing the abnormal protein 
component was multiplied by the value found for 
the total serum polysaccharide, whereby a value 
was obtained for the polysaccharide content of 
the paper segment which contained not only the 
normal components but also the pathologic frac- 
tion. This value was then corrected, as an ap- 
proximation, for the amount of carbohydrate 
ascribable to the normal glycoproteins within 
this paper segment. 

The corrected absolute hexose value for the 
abnormal fraction was then used to calculate the 
hexose content of the abnormal component and 
to obtain a corrected percentage of the periodic 
acid-Schiff color of the abnormal component. 
(Table v, last column.) This value was multiplied 
by the value found for total serum polysaccharide 
to obtain a value for the serum polysaccharide 
referable to the abnormal component. 

Table vi gives various data on the abnormal 
components. A semi-quantitative estimation of 
the fractional contents of polysaccharide and 
hexose in the abnormal fraction was obtained 
from the ratios between the absolute values of 
the polysaccharide and hexose contents, and the 
protein content, as given in Tables m and u. 
The ratio is given as per cent. No allowance was 
made, however, for the fucose values. 

The hexose and polysaccharide contents and 
the electrophoretic mobilities of the various 
abnormal components are compared in Figures 
3 and 4, from which it is apparent that in 
patients in group 1 (myeloma) the carbohydrate 
content was low when the mobility was low but 
showed a tendency to increase with higher 
mobility. Serums from patients belonging to 
group 1 regularly contained components with a 
higher percentage of carbohydrate than com- 
ponents from myeloma serums, if the mobility 
was taken into account. There was no overlap- 
ping between the two groups in this material. 
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l 
B2©4.+, 10 3 6 
13, O. H. Boy 10 7 7.0 
14,G.L Bo-v1 <7 0 
J. B.©4 10 6 6.3 
16,8. N 0 8.3 
17, N. J 10-11 5 
18, A. H. | 6.3 
19, N. W. Y2 19 ) 6.4 13 
20, M. I 72 19 0 3.5 7.0 
21,8. W +2 19 6 5 10.6 
22, F. I 2 19 | 4.9 8.7 
23, M. O. +2 19 4 6.0 10.1 
24, N. R. ¥2 19 0 5.1 8.9 
25, G. M 12 5 5.0 g 5 
26, G. A 2 19 | 5 7.4 14.7 
27, E.S yi-y2 19 6 9.4 15.8 
28, E. P y1-y2 <9 0.9 4.4 9.5 
29, H. K y1 0.5 8.6 16.8 
30, M. B. | 19 5.2 5.1 8.8 
| 
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CLINICAL OBSERVATIONS 


In group 1, which consisted of the myeloma 
cases (1 to 18), the clinical picture was typical 
and the diagnosis as a rule was founded on 
analysis of sternal bone marrow biopsy speci- 


© GROUP I (myeloma) 
© GROUP 


° 


PER CENT HEXOSE IN THE ABNORMAL COMP 


ELECTROPHORETIC MOBILITY OF THE ABNORMAL COMP. 


Fic. 3. Correlation between hexose content of the 


“abnormal” component and electrophoretic mobility. 


mens, roentgenographic signs of osseous changes, 


anemia and sometimes also on the presence of 


Bence Jones protein in the urine. As a rule, post- 
mortem examinations were also carried out. 
Being so clearcut, these cases hardly call for 
comment. 

Group u, however, was of particular interest 
since it contained so many cases which could not 
be grouped into well established diagnostic 
entities. Our interest was focused mainly on the 
patients (Cases 20 to 24 and 30) with a condition 
that may be regarded as macroglobulinemia. 
Typical macroglobulinemia is most common 
among males above fifty. This disorder is char- 
acterized by normochromic anemia, a tendency 
to increased number of lymphocytes in the 
blood and generalized enlargement of lymph 
nodes, gingival and nasal bleeding usually 
without purpura but sometimes with intraocu- 
lar hemorrhages, no focal osseous changes and 
no bone pain. Sternal puncture shows the pres- 
ence of numerous lymphocytic elements proba- 
bly belonging to the reticulum cell series. 
The cytoplasm of these cells often shows budding 
and signs of shedding. Spindle-shaped cells are 
common. The erythrocyte sedimentation rate 
usually is above 80 mm./hour because of the 
presence of an abnormal globulin component in 
high concentration. In later stages the serum 
albumin is markedly decreased and this probably 
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explains the pronounced edema in the final 
stages. Electrophoresis shows one pathologic 
component that migrates with the 8 or vy frac- 
tion or intermediate between these two. This 
protein has a high sedimentation constant 
(17 to 20 S) indicating a molecular weight of 


© GROUP I (myeloma) 
© GROUP IT 


‘ 
ELECTROPHORETIC oF THE COMP. 
Fic. 4. Correlation between polysaccharide content of 
the ‘‘abnormal”’ component and electrophoretic mobility. 


PER CENT POLYSACCHARIDE IN THE ABNORMAL COMP. 


about 1 million. The solubility of these macro- 
globulins varies considerably with the tempera- 
ture. In some cases they precipitate on cooling 
and thus behave like cryoglobulins. The increase 
in viscosity of the serum with decreasing tem- 
perature is also more marked than in other 
types of hypergammaglobulinemia. The viscos- 
ity temperature index of Waldenstrém** 


ee viscosity 13°c. X 100 
relative viscosity 37°c. 


is usually above 120. The simplest way to screen 
serums for their macroglobulin content is by the 
euglobulin test of Sia. However occasional 
instances of proved macroglobulinemia have 
been negative to this test. It can regularly be 
shown that the abnormal electrophoretic compo- 
nent is of the same magnitude as the high molec- 
ular component found on ultracentrifugation. 

It has already been pointed out that some 
patients with a high content of macroglobulin 
in the blood present a clinical picture which 
differs from what we have described as macro- 
globulinemia. The grouping of these cases 
is still uncertain and more experience is needed 
before it can be attempted. 


16 
10 
° 
12 
° 
° 
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Only personally studied cases (19, 23 and 24) 
will be described. The history of a patient (Case 
21) seen in consultation by one of us (J. W.), 
was quite characteristic of macroglobulinemia. 
Judging from clinical data placed at our disposal 
by Dr. R. Creyssel (Cases 20, 22), Professor F. 
Koller (Case 21) and Professor P. Cazal (Case 
30) the clinical picture in their patients was also 
indicative of macroglobulinemia. 


CASE REPORTS 


Case 19. This man, N. W., was born in 1874. The 
personal history revealed nothing of interest. In August, 
1955, the erythrocyte sedimentation rate was 92 mm. 
hour. He complained of pain in the shoulders. The liver 
was found to be enlarged at that time. On admission in 
December, 1955, the patient was tired and slightly 
cyanotic. No hemorrhages were observed. The liver 
was considerably enlarged. The spleen was not palpa- 
ble. The mobility of both shoulder joints was limited. 
Roentgenography of the chest showed a shadow in the 
right lower lobe and destruction of the fourth and fifth 
ribs corresponding to this shadow. A sclerotic round 
focus was also observed in the second lumbar vertebra. 
Otherwise there were no signs of skeletal metastases or 
tumors. The patient received roentgen treatment of his 
pulmonary tumor. His fever increased and anemia 
developed. There was no albuminuria. Sternal punc- 
ture showed nothing remarkable. 

The patient died on March 2, 1956. Postmortem 
examination showed two cerebral metastatic growths. 
The heart was enlarged (weight, 410 gm.). From one 
of the ribs a tumor the size of a tennis ball bulged 
into the lung without infiltrating the parenchyma. 
The liver was enlarged and contained a large white 
tumor and several small secondary tumors. A metas- 
tatic growth was also found in the left adrenal gland. 
The tumors showed the histologic picture of malignant 
cholangioma. In the metastases the picture resembled 
an adenocarcinoma. 


Case u. This woman, M. O., was born in 1918. 
She had had nasal and diffuse gingival bleeding for 
twelve years. In August, 1953, the erythrocyte sedi- 
mentation rate was found to be extremely high. 
Repeated examination failed to reveal signs of 
myeloma but in November, 1954, Bence Jones protein 
was reported to be present in the urine. Sternal punc- 
ture showed no plasma cells or pathologic lympho- 
cytes. Roentgenographic examination revealed no 
bone changes and bone pains were denied. The pa- 
tient also had brief episodes of retinal hemorrhage on 
the right side. She had persistent normochromic 
anemia (about 2.5 million red cells) and the erythro- 
cyte sedimentation rate was about 150 mm./hour. The 
white blood cell and platelet counts were normal. The 
bleeding time and the coagulation time were in- 
creased. The blood contained large amounts of an 


abnormal gamma globulin with a sedimentation con- 
stant of 18 S, Sia’s test was positive. The clinical 
picture ef mucosal and retinal bleedings is typical 
of macroglobulinemia but no signs of lymphadenop- 
athy or lymphocytosis were observed. The presence of 
Bence Jones protein in the urine must be noted. 
Tentative diagnosis: atypical macroglobulinemia. 


Case 24. This man, N. R., was born in 1886, The 
previous history revealed nothing of interest. In 1944 
he had had hematuria of uncertain cause; in 1945 
gallstones and gastric ulcer; in 1948 a recurrence of 
hematuria. A urethral stricture was found. The 
erythrocyte sedimentation rate was 19 mm./hour on 
admission. In August, 1954, the patient complained of 
anesthesia of the heels and somewhat later of severe 
pain in the fingers and toes. This was followed by 
increased loss of sensation of both hands and feet. The 
erythrocyte sedimentation rate was now 120 mm./ 
hour. The patient was readmitted in March, 1955. 
The liver and spleen were not palpable. No retinal 
bleedings, pareses or reflex disorders were observed. 
Sensation in the hands and feet was definitely im- 
paired. Lumbar puncture showed no signs of a 
pathologic condition. Histamine and neutral red test 
revealed refractory achlorhydria. A normochromi 
anemia (3.2 million red cells) was present. The white 
blood cell count was normal. The body temperature 
was normal. The urine contained traces of protein. 
Marked hyperglobulinemia was present. Roentgeno- 
graphic examination showed no signs of myeloma. 
Sternal puncture revealed nothing of special interest. 

Treatment with vitamin B,2 in large doses produced 
no demonstrable improvement. On a later occasion 
the blood pressure was found to be fairly low (105/50 
mm. Hg). Electrocardiographic studies showed 
nothing of interest. The pain in the fingers and feet was 
severe. Proteinuria was regularly demonstrated but no 
Bence Jones protein was found. There were no signs of 
hemorrhagic diathesis except the episodes of hema- 
turia previously noted. 

The patient died on June 6, 1956. The postmortem 
examination showed signs of lymphatic leukemia with 
marked enlargement of para-aortal lymph glands and 
an infiltration the size of an orange in the liver. The 
microscopic picture was typical. A small spinocellular 
pulmonary carcinoma was also found. 

In this case the picture was dominated by findings 
of the type seen in polyneuritis. Such cases, with the 
other signs of macroglobulinemia, have earlier been 
published. There were no clinical signs of lymphatic 
leukemia. Diagnosis: macroglobulinemia. 


In Cases 25 and 27 the diagnosis was uncertain but 
the records and the clinical findings might possibly 
suggest some kind of collagen disorder in spite of the 
fact that dysproteinemia in collagen diseases is char- 
acterized by broad bands and not by narrow peaks, as 
found in these cases. 
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Case 25. This woman, G. M., was born in 1882. 
She was seen in consultation with Dr. H. Silwer, who 
gave us his notes on the previous history. In 1951 the 
patient noticed large erythematous patches on both 
cheeks. These symptoms appeared after exposure to 
bright sunshine. About the same time dyspnea and 
chest pain radiating to the left arm developed. She 
had slight hypertension. The erythrocyte sedimenta- 
tion rate was 70 mm./hour. The bone marrow ap- 
peared normal. Electrophoretic examination of the 
serum showed 3 per cent gammaglobulin with an 
albumin value of 2.2 per cent. The erythrocyte 
sedimentation rate remained very high and Bence 
Jones proteinuria was found. It was also noted that 
the serum became gelatinous on cooling. The patient 
was admitted to the Medical Clinic, Malmé General 
Hospital in January, 1955. The blood pressure was 
190/105 mm. Hg. Laboratory studies showed a nor- 
mochromic anemia of 3 million erythrocytes, a rela- 
tive lymphocytosis (50 to 60 per cent) and a few 
plasma cells. There was no proteinuria, Roentgeno- 
graphic examination revealed no signs of myeloma. 
No L.E. cells could be found. The serum contained 
large amounts of cryoglobulin and gave a strongly 
positive euglobulin test (Sia). No definite diagnosis 
could be made but myeloma and lymphatic leukemia 
were regarded as very improbable. The patient was 
reexamined in February, 1956, without further clarifi- 
cation of the diagnosis. 


Case 27. This woman, E. S., was born in 1871. 
The diagnosis was never definitely established. Her 
previous history contained nothing of interest. In 
1936 a carcinoma of the uterus was treated with 
radium with excellent results. In 1947 the patient had 
cystopyelitis. The erythrocyte sedimentation rate was 
then 76 to 88 mm./hour. In 1947 she complained of a 
painful swelling of the metacarpophalangeal joints. 
Later back pain developed also for which she was 
admitted to the medical department in 1948. At that 
time there were no signs of active arthritis. Myeloma 
was suspected because of slight anemia and an erythro- 
cyte sedimentation rate of about 100 mm./hour with 
subsequent values, determined on various occasions 
regularly increased. The patient still had pain in the 
back and in one or two of the finger joints. Sometimes 
the pain in the fingers was extremely severe but 
soon abated. Her general condition was excellent and 
she had an unusually keen interest in life for her age. 
The serum uric acid was not increased. Roentgeno- 
graphic - amination of the hands showed no signs of 
chronic arthritis. Later an erythematous patch tender 
to palpation appeared over the left inner malleolus 
which, however, disappeared spontaneously after two 
days. Although the patient still has joint pain her con- 
dition has improved since the previous examination. 
At the last examination in October, 1956, there were 
definite signs of arthritis in two fingers with marked 
swelling. Status as before. 
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In this case myeloma could be excluded since the 
erythrocyte sedimentation rate had been increased 
for the previous ten years, during which time her gen- 
eral condition improved. Roentgenographic examina- 
tion of the skeleton showed no signs of myeloma and 
the urine contained no Bence Jones protein, nor has 
anemia developed. The patient would not permit 
sternal marrow puncture. It is noteworthy that she 
had suffered from carcinoma, since Wuhrmann* has 
repeatedly stressed the association of macroglobulin- 
emia with malignant tumors. (cf. also Case 19.) 


Two instances of leukemia, Cases 26 and 29, belong 
to group u. The serum from one of these patients 
(Case 29, chronic lymphatic leukemia) together with 
an abstract of the history was sent to us by Dr. med. 
Helmuth Krause. 

The other (Case 26) was an instance of atypical 
myeloid leukemia. The patient, a woman, was 
born in 1886. Since December, 1952, she had felt 
tired, and had lost 7 Kg. She was admitted in July, 
1953. There were no palpable lymph nodes. The 
spleen and liver were markedly enlarged. On admis- 
sion: white blood cell count 358,000 per cu. mm., 
mostly “lymphocytes,” hemoglobin 45 per cent, 
erythrocytes 2.4 million, platelets 148,000 per cu. mm. 
The total serum protein was 3.6 gm. per cent with 
gamma globulin 0.83 gm. per cent. Remarkably, how- 
ever, the gamma fraction showed a very narrow band 
resembling that seen in myeloma. When the serum was 
cooled (+4°c.) in a conical centrifugal tube a small 
gel appeared after twenty-four hours in the bottom of 
the tube. The water test was negative. The patient’s 
serum also gave positive Wassermann, Meinicke and 
Kahn reactions and a positive Middlebrook-Dubos 
test. She received blood transfusions, vitamins, iron 
and arsenic, and the blood picture improved con- 
siderably. Later the patient was treated with myleran, 
with excellent effect. Her general condition remained 
good until January, 1956, when she suffered a severe 
relapse and died on April 8. Postmortem examination 
revealed myeloblastic leukemia. The case will be 
published in detail by S. E. Bjérkman. 


Case 28. This patient, E. P., was a healthy blood 
donor. During an observation time of more than two 
years no physical or laboratory findings indicating any 
disease except the abnormal yy component has been 
found. The water dilution test was negative. Ultra- 
centrifugal investigation revealed no heavy component 
in abnormal concentration. This case will be investi- 
gated further by Dr. B. Nosslin. 


COMMENTS 


All of the serums analysed contained one 
component in the 6 or y region in abnormal 
concentration which, after paper electrophoretic 
separation, appeared as a distinct band. The 
concentration of this component in the serum 
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varied widely from case to case, with 7.7 gm. per 
cent as a maximum and 0.5 gm. per cent as a 
minimum value. The serum protein pattern in 
some cases also differed from normal in other 
respects: (1) a pronounced decrease in serum 
albumin and (2) a moderate increase of the a- 
fractions, which has been observed in renal 
injury as well as in malignant and infectious 
processes. 

The normal serum content of protein bound 
hexoses is relatively constant (M = 119, S.D. 
+ 9); about 80 per cent of these glycoproteins 
are normally found in the a@ and @ fractions. 
In this pathologic material (Table 1), the pro- 
tein-bound hexoses in the serum, however, 
showed very wide variations despite the fact that 
the magnitude of the a-fractions varied only 
slightly. (Table 1.) It was therefore usually easy 
to decide whether the abnormal serum protein 
fraction was relatively rich or poor in carbo- 
hydrates. If the paper electrophoresis showed an 
abnormal component and at the same time an 
increased value for protein-bound hexoses, an 
approximate estimation of the carbohydrate 
content of the pathologic fraction could be 
obtained by dividing the value of the protein- 
bound hexoses (minus the normal value) by the 
value for the protein concentration of the ab- 
normal component. In this simple way reliable 
information could be obtained, however, only 
when the concentration of the abnormal com- 
ponent in serum was at least 1 per cent; if the 
concentration is lower, the carbohydrate content 
of the a and 8-fractions is so large in relation to 
the serum protein-bound hexoses that the carbo- 
hydrate content of the abnormal protein frac- 
tion can be estimated only after electrophoretic 
protein fractionation, with subsequent periodic 
acid-Schiff staining. Preparative electrophoresis 
or protein fractionation by other technics may 
also be employed for this purpose. 

Table mr gives data on the total content of 
protein-bound hexoses, hexosamine, sialic acid 
and fucose in the various serums. These values 
are, however, of relatively limited interest be- 
cause different glycoproteins vary widely in 
carbohydrate content and in their relative values 
of hexose, hexosamine and sialic acid. Schultze 
and Biel** recently showed similar variation in 
different electrophoretically separated protein 
fractions of normal serum obtained by prepara- 
tive electrophoresis, and for various isolated 
glycoproteins belonging to the a-group. Table tv 
shows the relative variation of the protein-bound 


carbohydrate components in our serums. It can 
be calculated from the material presented by 
Schultze and Biel* that the ratio: protein-bound 
hexose/hexosamine/sialic acid for normal pro- 
teins of the a and 8 groups vary over the range 
2/0.9-1.4/0.9-1.7, and for the y group 2/0.8- 
1.2/0.45-0.6. Most of our serums also fall within 
these limits, but most of the myeloma serums had 
strikingly high contents of hexosamine. This 
suggests that the abnormal fraction contains 
protein-bound hexoses and hexosamine in a 
variable and often abnormal ratio. The relative 
sialic acid content of the polysaccharides also 
varies, but this is seen in normal serum proteins 
too. No relation was found between the relative 
composition of the polysaccharides and the 
electrophoretic mobility of the pathologic 
fractions. The heterogeneity of the group of 
pathologic fractions examined is apparent from 
the varying electrophoretic mobility as well 
as from the varying polysaccharide content 
and composition. Only the abnormal com- 
ponent of serums from patients with macro- 
globulinemia showed a relatively uniform 
picture. Of the seven patients examined all ex- 
cept one showed the same electrophoretic mobil- 
ity as the bulk of the normal y-globulins. It 
might also be mentioned that these serums con- 
taining macroglobulins gave a distinctly positive 
reaction with Sia’s water dilution test, except 
the serum with electrophoretic 8 mobility. In all 
other serums, independently of the diagnosis, 
the water dilution test was negative. This agrees 
with previous (unpublished) findings of Pedersen 
and Waldenstrém that in cases of macro- 
globulinemia with an abnormal component with 
Y2 mobility, a positive euglobulin reaction is 
regularly given. Waldenstrém has observed three 
macroglobulinemic serums with 8 mobility in 
which the euglobulin reaction was negative. 
Judging from similar observations published in 
the literature, this relationship between elec- 
trophoretic mobility and euglobulin reac- 
tion could well be a regular phenomenon in 
macroglobulinemia. 

Approximate values for the polysaccharide 
content are given in Table v. Comparison of the 
polysaccharide content of abnormal components 
will not give a correlation corresponding directly 
to the clinical diagnosis. Only cases of macro- 
globulinemia regularly showed the same rela- 
tively high carbohydrate content. This cor- 
responds with the few observations previously 
cited. In the myeloma group the carbohydrate 


AMERICAN JOURNAL OF MEDICINE 


Glycoproteins in Serum—Laurell et al. 35 


content varied widely, an observation also 
compatible with the findings of earlier workers 
in this field. On the other hand, when the 
results are reproduced graphically with the 
aid of a coordinate system in which the abscissa 
represents the electrophoretic mobility of the 
abnormal component and the ordinate its 
carbohydrate content (Figs. 3 and 4), the serums 
in the myeloma group were found to differ from 
the others. In the myeloma group (1) the carbo- 
hydrate content was found to be low in the com- 
ponents with 3; and y2 mobility, and varied from 
low to relatively high in the components with 7; 
and 6; mobility. In group 1 no such relationship 
was found between the polysaccharide content 
and the electrophoretic mobility. It is interesting, 
both from a theoretic and a practical point of 
view, to note that the graph shows no overlap- 
ping (Figs. 3 and 4) between the myeloma 
group (1) and the other conditions studied 
(group 11). It is also evident from a comparison 
of Figures 3 and 4 that the same difference be- 
tween group 1 and 1 obtains whether the poly- 
saccharide or the hexose contents of the abnor- 
mal components are used for classification. This 
suggests that, from a clinical point of view, the 
estimation of hexose gives information of the 
same value as estimation of all the simple carbo- 
hydrates. The number of serums so far investi- 
gated is as yet not large enough to permit valid 
conclusions as to the differential diagnostic 
value of this observation but analysis of the litera- 
ture on carbohydrate determinations in isolated 
abnormal components and of the polysaccharide 
pattern suggests that this phenomenon may be 
of regular occurrence. In most of these publica- 
tions, however, the carbohydrate content is not 
stated and can only be estimated from the dia- 
grams given of the protein and carbohydrate 
distribution of electrophoretically separated 
serums. 


SUMMARY 


The serum protein and polysaccharide dis- 
tribution in thirty serums from patients with cer- 
tain diseases such as myeloma were analysed. 
The material included eighteen myeloma serums 
(group 1) and twelve serums (group 11) from six 
patients with macroglobulinemia, two with 
lymphatic leukemia and four with allied 
conditions. 

The polysaccharide content of the ‘“abnor- 
mal” protein components showed considerable 
variation in both groups. However the relation- 
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ship found between the electrophoretic mobility 
and polysaccharide content of the ‘‘abnormal” 
serum components of the two groups suggested 
a difference in the chemical composition of the 
abnormal components of the serums, a difference 
of possible diagnostic value. 


Acknowledgment: We wish to thank Dr. K. 
Pedersen for the ultracentrifugal analysis, Dr. 
L. Odin for methodologic suggestions and Miss 
N. Skoog for technical assistance. 
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Pulmonary Disease Following Chronic 


Chemical Ganglionic Blockade’ 


A Clinical and Pathologic Study 


H. Perry, M.D., ROBERT M. O’NEAL, M.D. and WiLBuR A. ‘THOMAS, M.D. 


St. Louis, Missouri 


ganglia in combination with administra- 
tion of hydralazine usually controls the malig- 
nant stages of hypertension in human beings.’ 
Sometimes, however, therapy is complicated by 
the development of pulmonary disease?:* mani- 
fested clinically by extreme tachypnea in pa- 
tients without cardiac failure and with plasma 
non-protein nitrogen levels less than 60 mg. per 
cent. Anatomically the lesions resemble those of 
so-called ‘‘uremic pneumonia.’’‘ It appears that 
methonium salts can occasionally act like nitro- 
gen retention as a factor in the pathogenesis of 
this pulmonary disease. Since the presence of 
fibrin in the alveoli was, in our experience, the 
most constant anatomic feature of this disease, 
we have termed the pathologic process “‘fibrinous 
pneumonitis.” 

To define the process more precisely and to 
evaluate the possible etiologic role of therapy, 
anatomic changes in the lungs were studied in 
methonium-treated patients with a primary 
anatomic diagnosis of arteriolar nephrosclerosis 
and, to provide control observations, in com- 
parable untreated patients. To exclude inter- 
mittent left heart failure as a cause of the 
fibrinous pneumonitis that followed methonium 
therapy, the lungs of patients with mitral stenosis 
were also examined. Since all methonium- 
treated patients with pulmonary lesions had 
had malignant stages of hypertension and since 
all but one had nitrogen retention before treat- 
ment, clinical comparisons were limited to 
azotemic patients with similarly severe hyper- 
tension. Finally, the courses in patients whose 
hypertension was successfully controlled by 


Byer chemical blockade of autonomic 


therapeutic regimens were compared with the 
courses in patients in whom the therapeutic 
regimen had not been successful. 


METHODS 


Material. Two groups of autopsied patients were 
selected for thorough study from the files of the 
Department of Pathology, Washington University. 
The sixty-seven members of the first group comprised 
all patients with the primary anatomic diagnosis of 
arteriolar nephrosclerosis who died between Septem- 
ber 1, 1943 and September 1, 1951. Since none of these 
patients ever received any methonium compound 
they are hereinafter referred to as “‘untreated pa- 
tients.” Their average age was fifty with a range from 
twenty to eighty years; twelve were Negro and twenty- 
one were women. The twenty-seven members of the 
second group comprised all patients with the same 
primary anatomic diagnosis dying between September 
1, 1951 and September 1, 1955 after receiving at least 
30 gm. of oral methonium salts during their last month 
of life. They are therefore hereinafter referred to as 
“‘methonium-treated patients.”’ Their average age was 
forty-seven with a range from twenty-seven to sixty- 
five years; thirteen were Negro and nine were 
women. 

In addition, the postmortem cardiac and pul- 
monary changes of thirty-nine adult patients with an 
anatomic diagnosis of “moderate” or “‘advanced”’ 
mitral stenosis were examined. Finally, the pre- 
treatment blood pressure and azotemia, the length of 
therapy and the methonium dosage were tabulated 
for twenty-eight living patients who had had hemor- 
rhagic and exudative retinitis with papilledema, nitro- 
gen retention and mean diastolic pressures exceeding 
120 mm. Hg before therapy. 

Pathologic Methods. From each patient’s autopsy 
protocol the gross description of the lungs and the 
weight of lungs, heart and kidneys were obtained. 


* From the Hypertension Division, Department of Internal Medicine, and Department of Pathology, Washington 
University School of Medicine, and Barnes Hospital, St. Louis, Missouri, under a grant-in-aid from the United States 
Public Health Service, the Lasdon Foundation, and the Burroughs Wellcome Co., Inc. 
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Sections of lung stained with hematoxylin and eosin 
were examined, and selected cases were further studied 
after staining with the periodic acid-Schiff technic, 
Weigert’s fibrin stain, aldehyde fuchsin-van Gieson- 
hematoxylin, and with phosphotungstic acid-hema- 
toxylin. All sections were examined particularly for 
“hyaline”? membranes lining the air spaces, deeply 
eosinophilic granular or fibrillar (fibrin-like) material 
in the alveoli and organization of intra-alveolar 
exudate. In addition, a special search was made for 
necrosis of alveolar walls, fibrin thrombi in capillaries, 
edema, intra-alveolar hemorrhage, hemosiderin-filled 
macrophages, capillary distention, fibrous thickening 
of alveolar walls and cuboidal cells lining alveoli. The 
pathologic changes were graded slight if less than 10 
per cent of the tissue available for microscopic study 
was estimated to be involved, moderate if 10 to 25 per 
cent was involved and advanced if over 25 per cent was 
involved. 

Clinical Methods. Clinical considerations were 
limited to those autopsied patients who had had 
malignant hypertension * as manifested by (1) a mean 
supine diastolic pressure greater than 120 mm. Hg 
at hospital rest, (2) hemorrhagic and exudative 
retinitis with papilledema, and (3) severe renal disease 
manifested by constant albuminuria and less than 10 
per cent excretion of intravenously injected phenol 
red within fifteen minutes. The patients included in 
the clinical discussion all had pretreatment azotemia 
which was considered to be of renal origin on the 
basis of its persistence after the evidence for cardiac 
failure had disappeared. Forty untreated and nineteen 
methonium-treated patients fulfilled these criteria. 
The average age of the former was forty-five with a 
range from twenty to sixty-three years; ten were Negro 
and thirteen were women. The average age of the 
latter was forty-six with a range from twenty-seven to 
sixty-five years; twelve were Negro and eight were 
women. Their antihypertensive regimen always in- 
cluded ganglionic blocking agents in dosages depend- 
ing on the systolic pressure of the seated patient, and a 
simultaneously administered fixed dose of hydralazine 
as previously described.’ Except in emergencies all 
medication was oral. Untreated patients received 
neither these drugs nor alkaloids of rauwolfia or 
veratrum. 

The mean control diastolic pressure was obtained 
for each methonium-treated patient at rest in the 
hospital before any therapy; except for two patients 
with hypertensive encephalopathy and three with 
heart failure, each mean value was the average of 
eight to thirty-seven sphygmomanometric readings 
taken at four-hour intervals with the patient in the 


* The term “malignant hypertension” as used herein- 
after is a clinical diagnosis; nitrogen retention may or 
may not be present. It should not be confused with the 
anatomic term: malignant nephrosclerosis, which is char- 
acterized by necrotizing arteriolar lesions and is accom- 
panied by azotemia. 


supine position. Temperature, pulse, respiration and 
blood pressure were recorded six times a day through- 
out the hospital course. Except for the three patients 
with heart failure the degree of azotemia was deter- 
mined before any medication and without evident 
cardiac decompensation; thereafter it was followed 
closely. In our laboratory the upper limit for normal 
circulating non-protein nitrogen in the plasma after 
deproteinization by zinc hydroxide® is 25 mg. per 100 
ml., the low value being due to precipitation of gluta- 
thione, ergothioneine, uric acid and perhaps other 
substances that are not removed by the more com- 
monly employed phosphotungstic acid procedure. 
Frequent plasma sodium and carbon dioxide deter- 
minations were made, as were white blood cell counts. 
In addition, various procedures to evaluate cardiac 
and pulmonary function were performed, including 
arm-to-tongue circulation time measured by decholin® 
injection, venous pressure, vital capacity, oxygen sat- 
uration and pH of arterial blood. Untreated patients 
were followed less closely; however, all available 
comparable clinical data were assembled. In the 
period prior to frequent sodium determinations, 
chloride concentrations in the plasma were tabulated. 

Each methonium-treated patient who returned 
home was given a sphygmomanometer and adequate 
instruction for its use. The levels of blood pressure 
and the intake of drug after discharge from the hos- 
pital were obtained by averaging the recordings made 
five times a day by each patient for a period of one 
week. The mean variation in systolic pressure of the 
seated patient is a measure of vasomotor instability;’ 
it was calculated by averaging the difference between 
each of thirty-five readings and their mean during the 
time of the poorest control of blood pressure at home. 
The average intake of methonium compounds and the 
length of therapy were tabulated; the maximum daily 
dose ingested was based on a period of at least seventy- 
two hours. The maximum dose of hydralazine was 
similarly ascertained. 


RESULTS 


Pathologic Data. Results of the comparative 
pathologic study are presented in Table 1. The 
average ages of the patients in each group were 
approximately the same. The average weights of 
the hearts were 549 gm. for methonium-treated 
patients, 618 gm. for untreated patients and 532 
gm. for patients, with mitral stenosis. The average 
weights of the lungs were 1,410, 1,283 and 1,352 
gm., respectively, for the three groups. ‘The aver- 
age weights of the kidneys were 299 gm. for 
methonium-treated patients and 266 gm. for 
untreated patients; arteriolar necrosis was 
diagnosed microscopically in 41 per cent of the 
former and 45 per cent of the latter. There was 
no correlation between the presence of arteriolar 
necrosis and of fibrinous pneumonitis in hyper- 
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TABLE | 
PATHOLOGIC DATA 


Number of cases........ 
Age of patients (average). . . 
Heart weight (average) 
Lung weight (average). . . 
Kidney weight (average)... . . 
Arteriolar necrosis (incidence) . 
Fibrinous pneumonitis (incidence) 
Slight 
Moderate 
Advanced 


Total 
Hyaline membrane (incidence). . 


Intra-alveolar fibrin masses (incidence) . 
Organized exudate (incidence) 


Untreated | Methonium-Treated | Mitral Stenosis 


tensive patients. The 59 per cent incidence of 
fibrinous pneumonitis in methonium-treated 
patients is significantly greater (p < 0.05) than 
the 36 per cent incidence in untreated patients. 
Morphologically indistinguishable pulmonary 
disease was present in 18 per cent of the patients 
with mitral stenosis: in only one instance, how- 
ever, was it classified as moderate and in none as 
severe. When the extent and severity of “hyaline 
membranes,”’ intra-alveolar fibrin and organiza- 
tion of exudate were tabulated, qualitative 
differences were not apparent between the over- 
all process in methonium-treated and untreated 
patients. Organization of the fibrinous exudate 
was more common in the former, probably 
indicating a longer survival. Both groups to- 
gether included nineteen patients, with more 
than 100 mg. non-protein nitrogen per 100 ml. 
plasma, who had fibrinous pericarditis but the 
association between it and fibrinous pneumonitis 
was no greater than would occur by chance 
alone. 

The gross description of the lungs at autopsy 
almost invariably read “‘congestion and edema.” 
As the microscopic study progressed it became 
apparent that a pulmonary pathologic process 
of rather constant character was present in both 
methonium-treated patients and untreated sub- 
jects. The histologic findings were consistent with 
the condition designated by others as ‘‘uremic 
pneumonia,’’‘ ‘“‘fibrinous edema’’*® or, if ac- 
companied by extensive intra-alveolar organ- 
ization of fibrous tissue, “‘carnification of the 
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lung.”* The term fibrinous pneumonitis is 
used here to designate this pulmonary disease, 
which is always characterized by fibrin masses in 
the air spaces of the lungs and is frequently 
associated with a hyaline-like membrane lining 
the walls of the alveolar ducts and atria. A 
notable feature of the condition is the tendency of 
the intra-alveolar fibrin to become organized 
by the ingrowth of fibrous tissue. (Fig. 1.) There 
was considerable variation from case to case in 
the amount and the degree of organization of the 
fibrin masses. The deposits of intra-alveolar 
fibrin varied from loose, lacy strands lying within 
densely eosinophilic edema fluid to heavy 
compact “balls” of fibrin filling and distending 
alveolar sacs. The fibrin was well demonstrated 
by the phosphotungstic acid-hematoxylin stain 
and the Weigert fibrin stain. (Fig. 2.) Hyaline- 
like membranes consistently failed to stain with 
phosphotungstic acid-hematoxylin (Fig. 3) but 
were faintly stained with the Weigert fibrin stain 
and the periodic acid-Schiff technic. Occa- 
sionally, hyaline-like membranes were associated 
with collapse of the alveoli and distention of the 
atria and alveolar ducts (Fig. 4) similar to that 
seen in hyaline-like membrane disease of new- 
born infants.* Collapse of alveoli often gave the 
impression of thickened alveolar walls but no 
widespread increase of fibrous tissue within 
alveolar septae was demonstrable. In areas 
containing organized intra-alveolar exudate the 
alveolar walls were sometimes irregularly thick- 
ened by fibrous tissue, apparently the result of 


67 27 39 
50 yr. 47 yr. 55 yr. 
618 gm. 549 gm. 532 gm. 
1,283 gm. 1,410 gm. 1,352 gm. 
266 gm. 299 gm ree 
11% 15% 
15% 26% 3% 
10% 22% 0% 
34% 59% 18% 
16% 41% 6% 
8% 50% 6% 
18% 52% 6% 
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Fic. 1. Methonium-treated patient without uremia (ninth 
patient of Tables m and mr). Fibrous tissue in air spaces, 
the result of organization of intra-alveolar fibrin. The 
alveolar walls are not affected; hematoxylin and eosin, 
original magnification xX 660. 


organization of exudate adherent to the alveolar 
walls. Although an increase in alveolar macro- 
phages was common, neutrophils were seldom 
seen in areas of fibrinous pneumonitis even when 
foci of bronchopneumonia were present in other 
areas. Cuboidal alveolar lining cells were oc- 
casionally present but could not be related to the 
presence of intra-alveolar fibrin or to the hyaline- 
like membrane. Pulmonary capillary ¢ngorge- 
ment and intra-alveolar hemorrhage were fre- 
quent and often especially prominent in and 
about areas containing intra-alveolar fibrin and 
hyaline-like membranes. Fibrin thrombi were 
not encountered in the pulmonary capillaries 
and no other associated vascular disease was 
present. Acute bronchopneumonia was found in 
approximately one-third of both methonium- 
treated and untreated patients. No relationship 


Fic. 2. Methonium-treated patient without uremia 
(eighth patient of Tables mu and m1). Masses of fibrin fill 
alveoli; Weigert’s fibrin stain, original magnification 


390. 


between this infection and fibrinous pneumonitis 
was apparent. Necrosis of alveolar walls was 
occasionally present in areas of bronchopneu- 
monia but was not seen except in association with 
these foci of bacterial inflammation. 

Clinical Data. Figure 5 indicates the relation- 
ship between the level of non-protein nitrogen 
in the plasma and postmortem pulmonary 
findings in the nineteen methonium-treated and 
the forty untreated patients with malignant 
hypertension and pretreatment renal azotemia. 
Only one of the untreated patients died with less 
than 60 mg. non-protein nitrogen per 100 ml. 
plasma while eight of the methonium-treated 
patients died. All eight had a similar terminal 
clinical course and fibrinous pneumonitis. 

In Table u the terminal episode has been de- 
scribed in terms of nitrogen retention, vital signs, 
circulation time, leukocytosis and circulating 
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Fic. 3. Methonium-treated patient with uremia. A dense 
hyaline-like membrane lines the walls of an atrium and 
alveolus; periodic acid-Schiff, original magnification 
x 390. 


electrolyte concentration for each of the 
methonium-treated patients who had fibrinous 
pneumonitis. * Average values for this group of 
patients were compared with corresponding 
data for the methonium-treated patients who did 
not exhibit fibrinous pneumonitis and for those 
who had uremia. A similar comparison was 
made for untreated subjects, both with and with- 
out fibrinous pneumonitis. Tachypnea and to a 
lesser extent tachycardia were the most obvious 
clinical abnormalities associated with non- 
uremic fibrinous pneumonitis following admin- 
istration of methonium. The dyspnea, unlike 
that of left ventricular failure, was usually im- 
proved by placing the patient in a supine 
position. Moreover, the circulation time was 


* The ninth patient in the table is the only one in 
whom fibrinous pneumonitis developed without ever 
having nitrogen retention. For this reason he was not in- 
cluded in the figures cited in the text. 
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Fic. 4. Case 1. Methonium-treated patient without ure- 
mia. The markedly dilated air spaces are alveolar ducts 
and atria. Alveoli are distorted and partially collapsed. 
In areas of complete collapse of alveoli the apposition of 
alveolar walls can easily be mistaken for an increase in 
thickness of a single alveolar wall; hematoxylin and eosin, 
original magnification X 66. 


relatively normal. The venous pressure was 200, 
165, 175, 108 and 120 mm. saline in the second, 
fifth, sixth, eighth and ninth patients of Table n, 
respectively. The observed vital capacity was be- 
low 1.0 L., the minute volume of respired air was 
19 and 23 L. in the fifth and eighth patients, 
respectively; the oxygen saturation of arterial 
blood was 95 and 97 per cent of capacity and its 
pH was 7.3 and 7.4, respectively. For the 
sixth, eighth and ninth patients the pH was 7.4, 
7.5 and 7.5, respectively. The carbon dioxide 
content of plasma was only slightly reduced, with 
no obvious differences among the various groups. 
The urine was uniformly acid with a pH con- 
sistently below 5 in all patients. The hypo- 
natremia which has been reported to be asso- 
ciated with “‘uremic pneumonia’’* was not 
striking although the patients with fibrinous 


¥ 


— 


pneumonitis did have slightly lower plasma 
sodium or chloride levels. Elevation of body 
temperature was common in all groups but was 
not well correlated with fibrinous pneumonitis. 
Circulating leukocytes were increased but counts 
were made in less than half of the untreated 
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Fic. 5. Fibrinous pneumonitis in patients with malignant 
hypertension as a function of maximum nitrogen reten- 
tion more than forty-eight hours before death. The open 
bars indicate patients without fibrinous pneumonitis, the 
darkened bars patients with the typical anatomic 
changes. Stippling represents mild changes, cross hatch- 
ing represents moderate changes, solid areas represent 
severe changes. 


patients with or without fibrinous pneumonitis 
and are difficult to evaluate because of associated 
infection. The lungs were usually clear to 
percussion and auscultation. The roentgenologic 
change was a diffuse non-specific infiltration that 
was disproportionately great for the physical 
findings. Mental confusion was present in the 
first, sixth and seventh patients. Of the eight pa- 
tients in whom fibrinous pneumonitis without 
uremia developed, in six it occurred in the 
first eighteen months during which combined 
hydralazine and methonium therapy was used, 
and in only one did it develop during the last 
eighteen months. 

In Table mm some possible correlations between 
pulmonary changes and the entire clinical course 
are tabulated. In the methonium-treated pa- 
tients in whom fibrinous pneumonitis developed, 
symptoms referable to hypertension began an 
average of twelve months before the first entry 
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to Barnes Hospital, with a range from one to 
seventy-two months. In the patients who were 
successfully maintained on therapy, symptoms 
had been present before treatment for an aver- 
age of fourteen months with a range from one 
to one-hundred twenty months. The almost 
identical mean control levels of diastolic pressure 
and azotemia in the two groups indicate com- 
parable severity of the original hypertension. 
Some correlation between mean methonium 
intake and fibrinous pneumonitis is evident, with 
higher doses accompanying more severe in- 
volvement. Although six of eight methonium- 
treated patients in whom fibrinous pneumo- 
nitis * eventually developed improved sufficiently 
to be discharged from the hospital on an anti- 
hypertensive regimen, at home only three 
achieved an average diastolic pressure as low 
as 100 mm. Hg despite an excessive total and 
maximum dose of blocking agent. In contrast, 
twenty-two of the twenty-eight living azotemic 
patients maintain diastolic pressures below this 
level. There was a suggestion that the blood pres- 
sure was more labile in those with fibrinous 
pneumonitis. The greatest mean systolic varia- 
tion for such patients averaged 20.1 mm. Hg 
as compared with 14.7 mm. for the living pa- 
tients. In no instance did the characteristic 
dyspnea of fibrinous pneumonitis appear after 
more than a year of therapy; usually it was pres- 
ent by the sixty-eighth day of treatment. The 
maximum daily hydralazine intake was high, 
averaging 0.9 gm. per day with a range of 0.5 to 
1.8 gm.; however, none of the autopsied pa- 
tients had any clinical or pathologic evidence 
of hydralazine toxicity. 

The detailed case report of the only patient in 
whom fibrinous pneumonitis developed without 
ever having nitrogen retention (the ninth patient 
in Tables m and m1) has previously been pub- 
lished.? The first patient in Tables m and 111 is 
described as Case 1 in the case report section 
which follows, with a figure indicating the rela- 
tionship of blood pressure and other vital signs 
to therapy. Case u, also described therein, is our 
only patient suspected of surviving this disease. 


COMMENTS 


There appear to be no essential qualitative 
anatomic differences between the pulmonary 

* See footnote on p. 41. 

+t The mean variation,’ as an index of the fluctuations 
occurring under ganglionic blockade, represents the 
evenness of control attained by the patient. Good control 
is shown by a mean variation of 9 mm. or less. 
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TABLE I 


CLINICAI 


FINDINGS TWO TO SIX DAYS BEFORE DEATH IN AUTOPSIED MALIGNANT HYPERTENSIVE PATIENTS 
WITH PRETREATMENT 


AZOTEMIA 


Plasma 


Maximum 
Non- 
protein 
Nitrogen 
(mg. 
per cent) 


Fibrin- 
ous 
Pneu- 
monitis 


Age, Race 


Minimum 
and Sex 


CO, 
(mEq. / 


L..) 


Treated 


Individual Patients 


J 


Nm NM Ww UI 


25-60 21 
109-204 23.7 
5 patients 49-238 
16 patients ‘ 61-294 23 
24 patients 31-295 20.7 


9 patients § 
6 patients 


Minimum 


Group Means 


Maxi- 


Maximum 
mum | 
mum | Respira- | 
Circula- | 
Pulse tion ate 
(beat/ | (breaths / | “9 


Time 
min.) min.) 


Maxi- 

mum 

Tem- 
per- 


ture 
ature 
(mEq. (2c 


L.) 


Maxi- 


128 
132 
137 
81. 9]| 
88. 


* The highest actual value cited on the chart, although marked tachypnea was specially recorded by attending 


physician. 


+ Patient died as he re-entered the hospital following a three-day history of lobar pneumonia. 
t Only patient in the treated group without pretreatment nitrogen retention.? 


§ This is the average of the nine individual patients. 


Chloride levels since sodium determinations were only infrequently done at this time. 


disease often associated with uremia and that 
associated with methonium therapy, although 
there are individual quantitative variations in 
the amount of intra-alveolar fibrin, formation of 
hyaline membranes and organization of the 
exudate. Because exudation of fibrin is a con- 
stant anatomic feature, we have termed the 
process “‘fibrinous pneumonitis.”” The absence 
of polymorphonuclear leukocytes in the exudate 
may account for the failure of the exudate to lyse, 
with resultant organization of the fibrin. Diffuse 
damage to the pulmonary capillaries is undoubt- 
edly responsible for the exudation of fibrin into 
alveoli but the mechanism by which this 
damage is produced remains obscure and there 
is no morphologic evidence of pulmonary 
vascular disease. The disease described herein 
is similar also to so-called ‘‘rheumatic pneumoni- 
tis.’’ Fibrinous pneumonitis was not encountered 
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in hypertensive patients whose non-protein 
nitrogen levels never exceeded 60 mg. per 
100 ml. plasma unless they had received metho- 
nium salts. This suggests that methonium 
therapy can replace nitrogen retention as a 
factor in the pathogenesis of this pulmonary 
disease. 

Drug therapy for patients with malignant 
hypertension has been accompanied by an in- 
creased life expectancy! as compared to un- 
treated patients with similarly severe disease. /°- 1? 
Of forty-six patients with malignant hyperten- 
sion and pretreatment renal azotemia of 30 to 
60 mg. non-protein nitrogen per 100 ml. 
plasma, who have continued to take oral gan- 
glionic blocking agents in combination with 
hydralazine, twenty-seven are alive after an 
average of 21.8 months. !* Eight of the remainder 
had a terminal episode characterized by marked 


= 
Maxi- 
mum 
White 
Blood 
| Count 
| (cells/ 
mm.?) 
37 30.5 129 39.0 145 40 13,650 
aes . 44 18.8 113 37.5 110 30 * .. | 16,450 
40 21.6 130 38.0 160 28 * 15 | 5,000 
47 23.6 128 38.6 | 180 48 13 | 13,350 
; ’ 36 23.0 135 38.4 125 82 18 | 22,000 
: 45 19.8 125 38 .0 130 32* 12 | 15,300 
, 60 16.6 127 39.0 190 52 | 15 | 24,800 
5 . 25 17.1 137 39.3 135 110 20 13,200 
38 148 | 54 | 16 | 15,460 
38 123 30 || 
37 118 7 
37 106 27 z_ 24,910 
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TABLE III 


BLOOD PRESSURE AND THERAPY IN MALIGNANT HYPERTENSIVE PATIENTS WITH PRETREATMEN| 


Perry et al. 


AZOTEMIA 


Pre- 
treatment 
Plasma 
Non- 
protein 
Nitrogen 
(mg. %) 


Mean 
Dosage 
Hexa- 
methonium 
Chloride 
(gm. /day) 


Pre- 
treatment 
Diastolic 
Pressure 
(mm. Hg) 


Length of 
Therapy 
(days) 


Termi- 
nal 
Uremia 


Fibrinous 
Pneu- 
monitis 


Liv- 
ing 


Age, Race 
and Sex 


Individual Patients 


Maximum 
Dosage 
Hexa- 
methonium 
Chloride 


(gm./day) 


Mean 
Diastolic 
Pressure 
at Home 
(mm. Hg) 


( 


Moderate 
Moderate 
Slight 
| Advanced 
| Slight 


Moderate 
Advanced 
| Advanced 
Advanced 


NN 


AASAZASAZS 

¥ 


& UW 
002 


( 


Group 


146 
154 
144 
144 
176 
121 


9 patients 0 
6 patients | 0 
5 patients 0 
28 patients§; 
maximum x 
x 


minimum 


30 
30 
35 
39 
40 
41 
42 
67 
16 


See Figure 
.6 


ty 
uu ui 
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Means 


107 
201 
97 
649 
1,469 
121 


38 
60 
47 
39 
64 
30 


= JINN — WwW 
UI 


* First and seventh patients were not discharged from the hospital. 
Tt Only five of eleven patients in the two groups went home. 
t Pentolinium tartrate 2.5 gm. orally in one patient was equated to 12.5 gm. hexamethonium chloride to obtain the 


group mean. 


§ These are living patients. The lines designated maximum and minimum indicate the extreme variations for 


this group. 


tachypnea and fibrinous pneumonitis which 
presumably resulted from methonium therapy. 
The characteristic pulmonary changes have 
only been observed in one non-azotemic patient. 
This man had albuminuria, hemorrhagic retini- 
tis and a fixed diastolic pressure of 140 mm. Hg. 
Although recently a patient may have survived 
pulmonary disease complicating methonium ther- 
apy (Case 1), the entity seems to have become 
increasingly rare; the absence of recent reports 
emphasizes the peculiar temporal grouping 
of our cases in 1951 and 1952. 
Methonium-treated patients died with less 
nitrogen retention but with more fibrinous 
pneumonitis than untreated patients, suggesting 
that extensive and prolonged ganglionic block- 
ade may protect the kidneys but sometimes is 
associated with damage to the lungs. The rarity 
of fibrinous pneumonitis in patients with mitral 


stenosis argues against increased pulmonary 
venous pressure secondary to left heart failure as 
the important etiologic factor. Diminished 
gaseous exchange between alveoli and _ pul- 
monary capillaries, ‘‘alveolar-capillary block,’’'* 
was considered compatible with the marked in- 
crease in the minute volume of respired air in 
the presence of a normal carbon dioxide con- 
tent, pH and oxygen saturation of the blood. 
Advanced fibrinous pneumonitis might well 
cause considerable interference with 
exchange, with resultant tachypnea. The rela- 
tively good electrolyte balance gave no indica- 
tion of a peripheral chemical mechanism for the 
extreme tachypnea. Similarly, the relatively 
normal circulation time and venous pressure, 
coupled with a lack of physical signs of pul- 
monary edema, argue against congestive failure 
as the principal cause of tachypnea. Mental 
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confusion that was prominent during the last 
hospitalization of the one living (Case 1) and 
three dead patients raises the possibility of cen- 
tral nervous system dysfunction involving the 
respiratory center. 


SUMMARY 

In eight non-uremic patients with malignant 
hypertension and moderate azotemia who 
were treated with ganglionic blocking agents and 
hydralazine, extreme tachypnea developed. On 
postmortem examination they were found to 
have fibrinous pneumonitis resembling so-called 
“uremic pneumonia.” Pyrexia, relative tachy- 
cardia and leukocytosis, without uremia, alkalo- 
sis or hyponatremia, characterized their terminal 
clinical episode. Previous control of the hyper- 
tension had been poor, with high average 
diastolic pressures and extreme fluctuations in 
systolic pressure despite large doses of ganglionic 
blocking agents. 

The microscopic pulmonary lesions were 
studied in twenty-seven patients with a primary 
anatomic diagnosis of arteriolar nephrosclerosis 
who had received methonium salts and in sixty- 
seven such patients who had not been treated. 
Fibrinous pneumonitis was (1) significantly 
more frequent in methonium-treated patients 
than in untreated patients, (2) qualitatively 
similar anatomically in these two groups of pa- 
tients, and (3) rare in non-uremic patients except 
those treated with hexamethonium. Fibrinous 
pneumonitis was not pronounced in any of the 
thirty-nine patients with mitral stenosis who 
also were studied; this tends to eliminate in- 
creased pulmonary venous pressure secondary to 
left heart failure as an important pathogenetic 
factor. 

These data suggest that methonium salts 
may exert effects similar to those of the nitrogen 
retention products of the uremic state in the 
pathogenesis of fibrinous pneumonitis. 


CASE REPORTS 

Case 1. Other than asymptomatic hypertension 
for twenty-five years, this fifty-two year old white 
man was well until transient episodes of confusion 
began in January, 1954. At this time his blood pressure 
was 230/130 mm. Hg. Three months later severe 
dyspnea and hemoptysis accompanied myocardial 
infarction, at which time he was normotensive with a 
rectal temperature of 38.3°c. and a tachycardia of 
140 beats per minute; a pericardial friction rub and 
auricular fibrillation appeared. To correct an anemia 
of 3.5 million erythrocytes per cu. mm. blood, two 
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transfusions were given. Hematuria and generalized 
edema followed. In the subsequent months unsuc- 
cessful attempts were made to control the blood pres- 
sure with small doses of reserpine, hydralazine and 
hexamethonium chloride. Surgical sympathectomy 
proved of no avail. The kidneys and adrenals were 
grossly normal at operation. 

He entered Barnes Hospital fully digitalized, com- 
plaining of vertigo, amblyopia, nausea, emesis and 
exertional dyspnea without edema or angina. Except 
for a blood pressure of 250/140 mm. Hg, the vital signs 
were within normal limits. The physical examination 
revealed episodic aphasia and confusion. Hemor- 
rhagic and exudative retinitis with papilledema were 
found. The lungs were clear to percussion and auscul- 
tation. There was marked cardiomegaly. Except for 
12.2 gm. hemoglobin per 100 ml. blood, the hemo- 
gram was normal. The urinary specific gravity was 
1.012; there was 1 plus albuminuria, microscopic 
hematuria and cylindruria. There were 31 mg. non- 
protein nitrogen and 190 mg. of cholesterol per 100 
ml. plasma. The circulating electrolytes were within 
normal limits. The electrocardiogram was interpreted 
as indicating a posterior myocardial infarction of un- 
certain date of onset, a small recent anteroseptal 
infarction, left ventricular enlargement and digitalis 
effect. The roentgenogram of the chest revealed 
cardiomegaly and elongation of the aorta. The 
electroencephalogram showed a slow dysrhythmia 
and a diffuse slowing consistent with hypertensive 
encephalopathy. The fifteen-minute excretion of 
intravenously injected phenol red was 5 per cent. 
Non-hemolytic white staphylococcus as well as coli- 
form and paracolon organisms were cultured from the 
urine. 

Antihypertensive therapy, vital signs and cardiac 
failure during hospitalization are indicated in the 
accompanying chart. (Fig. 6.) The initial drop in 
blood pressure was accompanied by a striking increase 
in confusion and by disappearance of the orthopnea 
and pulmonary rales which had appeared on the first 
day in the hospital. Because of the mental changes 
the blood pressure was allowed to rise; however, left 
ventricular failure reappeared and persisted, despite 
oxygen therapy, until the hypertension was reduced 
with parenteral pentolinium tartrate. 

Three weeks after admission a shaking chill followed 
intravenous administration of fluids and the rectal 
temperature rose to 39.4°c, There was no concomitant 
cough, chest pain, headache or dysuria. Physical find- 
ings included a few rales at the bases of both lungs 
without signs of consolidation and abdominal disten- 
tion without pain or tenderness. Initially there were 
only 5,500 leukocytes per cu. mm. of blood; twenty- 
four hours later there were 9,800. Roentgenograms 
of the chest were unchanged from the admission films. 
Blood and urine cultures were negative. Following 
seventy-two hours of penicillin and streptomycin 
therapy the temperature returned almost to normal. 
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Fic. 6. Case 1. Medication and vital signs during hospitalization of a fifty-two year old white man with malignant hyper- 
tension and pretreatment azotemia. The upper bar graph indicates the daily dose of autonomic blocking agent. The 
open bars represent oral pentolinium tartrate (po C;). The stippled bars represent parenteral pentolinium tartrate 
(im Cs) and the solid bars represent parenteral hexamethonium chloride (im Cs). The potency of oral pentolinium 
tartrate approximates that of intramuscular hexamethonium chloride; however, the scale for intramuscular pentolinium 
tartrate has been expanded to allow for its greater effect. The lower bar graph indicates oral hydralazine intake per 
day. Line graphs show daily blood pressure averages, each point being the mean of at least six and often as many as 
twenty-four readings taken with the patient in a sitting position. The stippled area to the left indicates the pretreatment 
range of blood pressure. At the bottom of the figure is a schematic representation of the vital signs. The solid line 
shows the temperature in degrees centigrade which was always below 37.5 except for three bouts of pyrexia. The 
dotted line shows the pulse in beats per minute which was always below 80 except for two episodes of tachycardia. 
The figures indicate tachypnea, any daily average values above 30 breaths per minute being noted. The word failure 


denotes the three periods of cardiac decompensation. 


Six weeks after entering the hospital a similar episode 
of fever reaching 39.6°c. without localizing signs or 
leukocytosis followed insertion of a retention catheter; 
however, coliform organisms were found in the urine 
and antibiotics were given. The temperature re- 
mained slightly elevated for ten days and then rose 
once more to 39°c, before subsiding. During this febrile 
episode the blood pressure became resistant to block- 
ing agents. When the systolic elevation persisted de- 
spite large doses of pentolinium tartrate, administra- 
tion of hexamethonium chloride was begun with an 
initially striking hypotensive effect; but within a 
month the development of tolerance was evident. 
After the second bout of fever, confusion and apathy 
became permanent and gradually increased, making 
tube feedings mandatory. The progressively worsening 
nutritional state was accompanied by a terminal 
cholesterol of 100 mg. per 100 ml. plasma but none of 
the stigmata of hydralazine toxicity such as arthritides 
or positive serum cephalin-cholesterol flocculation test 


was noted. Ninety-six hours before death the tempera- 
ture again suddenly rose to 39.4°c. accompanied for 
the first time by a leukocytosis of 25,000 white cells 
per cu. mm. blood. There was no physical or roent- 
genographic evidence of pulmonary disease. All 
cultures were negative except for the persistent con- 
fluent coliform growth from the urine. The terminal 
episode was characterized by a tachycardia of 145 and 
extreme air-hunger not adequately reflected by the 
respiratory rate. 

Throughout the hospital course there were thirty- 
eight estimations of azotemia; the maximum value of 
58 mg. non-protein per 100 ml. plasma was obtained 
the day before death. None of forty-two determina- 
tions of circulating sodium was below 120 mEq./L. 
of serum and only a pair of values, on May 5 and 7, 
was below 125 mEq. In thirty-two determinations the 
carbon dioxide content of venous plasma ranged from 
21 to 34 mEq./L. 

Marked arteriolar nephrosclerosis with bilateral foci 
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Fic. 7. Case u. Medication, blood pressure, weight and azotemia from 1947 in a forty-nine year old Negro housewife 
with malignant hypertension and pretreatment azotemia. The upper bar graph indicates the daily oral hydralazine 
intake. The lower one indicates the daily oral dose of two autonomic blocking agents, solid bars representing hexa- 
methonium chloride (Cs) and open bars representing pentolinium tartrate (C;). To reflect the greater potency of 
pentolinium tartrate its scale has been expanded. The medication is not indicated during any of the hospitalizations. 
Each bar indicates a monthly average and is calculated from the recordings of approximately 150 doses that the pa- 
tient took at home. The upper line graph indicates blood pressure. To the left are the averages of all readings made 
on hospital and clinic visits during each of the five years she was followed up before therapy. In order to indicate fur- 
ther the level of pretreatment blood pressure, the average of the twenty supine determinations taken in the hospital 
by nurses is shown immediately before therapy was begun. Thereafter the graphed blood pressures are monthly aver- 
ages, each value being the mean of 150 readings taken by the patient in the sitting position at home. At the bottom 
of the graph on the same time scale, weight is indicated by a solid line and azotemia by a dotted line; all values 


obtained in hospital or clinic from 1947 to the present are included. 


approximately one-fourth of the pulmonary tissue 
studied, in which dense hyaline membranes lined the 
walls of alveolar ducts and atria. In the areas contain- 


of healed pyelonephritis was found at autopsy. The 
heart weighed 560 gm., and there was fibrosis in the 
anterior interventricular septum, Advanced arterio- 


sclerosis of the coronary and cerebral arteries was 
evident. There was moderate arteriosclerosis of the 
pulmonary arteries, and congestion and edema of the 
lungs; a small depigmented infarct was present in the 
right upper lobe. In the pleural cavities there was 500 
ml. of fluid; 100 ml. were found in the peritoneal 
cavity and 25 ml. in the pericardial cavity. Micro- 
scopic examination of the lungs revealed advanced 
edema. In addition, there were widely separated small 
foci in which the alveoli were filled with strands of 
fibrin, with beginning fibroblastic proliferation into an 
occasional fibrin mass. Nearby were areas, totaling 
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ing hyaline membranes the alveolar ducts were often 
greatly distended and the alveoli collapsed. (Fig. 4.) 
No polymorphonuclear leukocytic exudation was 
present. 


CasEu. The antihypertensive therapy, blood pres- 
sure, azotemia and weight of this forty-nine year old 
Negro housewife are indicated in Figure 7. She was 
first admitted to Barnes Hospital in 1947 when 
radon seeds were implanted and a radical neck 
dissection was performed following removal of a 
squamous cell carcinoma of the tongue. Thereafter a 


2 Asthemo 
200 
mm. Hg. 160 | 
120 
80 
90 


48 Pulmonary Disease Following Ganglionic Blockade—Perry et al. 


benign cervical polyp was unsuccessfully treated with 
roentgenological castration. She was readmitted in 
January, 1952 because of progressive exertional 
dyspnea, pedal edema, amblyopia, headaches and 
worsening angina pectoris for which she had taken 
nitroglycerine for three years. On entering the hospital 
her vital signs were normal except for a blood pressure 
of 214/160 mm. Hg. The significant physical findings 
were hemorrhagic and exudative retinitis with mini- 
mal papilledema and cardiomegaly with a greatly 
accentuated second aortic sound. The lungs were 
clear to percussion and auscultation; there was no 
pedal edema. Pertinent laboratory data included an 
essentially normal hemogram with 4.11 million eryth- 
rocytes and 5.05 thousand leukocytes per cu. mm. 
blood. There was 3 plus albuminuria with cylindruria 
but no hematuria. The maximum urinary specific 
gravity was 1.013; 10 per cent of intravenously 
injected phenol red was excreted in fifteen minutes. 
The urine culture was sterile. There were 35 mg. of 
non-protein nitrogen, 377 mg. of cholesterol, 4.0 gm. 
of albumin, and 3.5 gm. of globulin per 100 ml. 
plasma. The electrocardiogram and roentgenogram 
of the chest were interpreted as indicating left ventric- 
ular hypertrophy. Benzodioxine produced an im- 
mediate increase in blood pressure of 40/20 mm. Hg, 
while the minimum level following sodium amytal 
was 160/100 mm. Hg. With 100 mg. hydralazine and 
a variable dose up to 500 mg. hexamethonium 
chloride every four hours the mean blood pressure fell 
to 150/100 mm. Hg without noticeable effect on the 
slight azotemia. 

She was sent home with instructions to continue 
this combined therapy but in order to maintain a 
diastolic pressure average of about 100 mm. Hg it 
was necessary to increase the medication until her 
daily hexamethonium intake was doubled. In Novem- 
ber, 1952 when she was readmitted following an 
episode of syncope, she complained of increasing 
dyspnea for six weeks plus a tight substernal ache on 
coughing. Asthenia was prominent. The pulse was 
120 beats per minute, the temperature was 37.8°c., 
the blood pressure was 200/104 mm. Hg, and the 
respiratory rate was 60 breaths a minute. Other 
abnormal findings included a diastolic gallop and dull- 
ness to percussion with fine rales over the left base. 
The marked tachypnea was improved by the supine 
position. Funduscopic examination revealed no 
hemorrhages, exudates or papilledema. No significant 
neurologic changes or peripheral edema was present. 
There were 5.20 million erythrocytes and 10.5 thou- 
sand leukocytes per cu. mm. blood, Cylindruria and 3 
plus albuminuria had persisted; the urinary pH was 
below 5.0. There were 36 mg. non-protein nitrogen, 
14.2 mEq. sodium, and 2.88 mEq. of carbon dioxide 
per 100 ml. plasma. The arm-to-tongue circulation 
time using decholin was fifteen seconds and the 
venous pressure measured 110 mm. saline solution. A 
roentgenogram of the chest was interpreted as show- 


ing a marked infiltrative process in the left lung with 
fluid at the base. The electrocardiogram was thought 
to show right bundle branch block and posterior myo- 
cardial ischemia. A pair of needle biopsies of the lung 
were unsuccessful and bronchoscopy contributed noth- 
ing. Cephalin-cholesterol flocculation of the serum 
was negative and the thymol turbidity was 3.4 units. 
Oxygen, streptomycin, penicillin and digitalis were 
now given in addition to the continuing hexa- 
methonium and hydralazine therapy. Twice during 
the first week in the hospital the temperature was 
38.5°c. but thereafter it remained below 38°c. with 
both pulse and respiratory rate gradually falling to 
normal, The blood pressure was controlled at about 
165/105 mm. Hg with almost no hydralazine and less 
than a fourth of the prehospital intake of blocking 
agent. 

In August, 1953 the patient, who had been doing 
well at home on large doses of hydralazine and hexa- 
methonium chloride, returned to the clinic with 
anorexia, a weight loss of 6 Kg. in six weeks, general- 
ized malaise and asthenia so severe that she could not 
sit upright. Her pulse was 88 beats per minute; her 
temperature was 37.5°c., her respirations were 19 
breaths per minute; and her blood pressure was 140 
90 mm. Hg. Funduscopic examination revealed no 
hemorrhages, exudates or papilledema. There was 
dullness over the bases of both lungs, without rales. 
Cardiomegaly and a diastolic gallop were noted. The 
liver edge was palpable 3 cm. below the right costal 
margin for the first time. No edema was noted. There 
were 4.85 million erythrocytes per cu. mm. blood but 
only 3.20 thousand leukocytes of which 66 per cent 
were neutrophilic granulocytes and 34 per cent 
lymphocytes. There was 2 plus albuminuria, micro- 
scopic hematuria, and cylindruria; the urinary pH 
was 5.0. The corrected sedimentation rate was 44 mm. 
per hour. Roentgenogram of the chest revealed hilar 
adenopathy as well as the previously noted cardio- 
megaly and pneumonitis with pleural effusion. There 
were 30 mg. of non-protein nitrogen per 100 ml. 
plasma; the hyperglobulinemia had persisted un- 
changed. Neither the serum cephalin-cholesterol 
flocculation nor the thymol turbidity test was posi- 
tive, although six months later the former was 2 plus 
and the latter 8.5 units at a time when the azotemia 
had increased to 94 mg. non-protein nitrogen and the 
hyperglobulinemia to 4.1 gm. of globulin per 100 ml. 
plasma. Within five days of discontinuing both hydral- 
azine and hexamethonium chloride there was an 
obvious increase in strength and during the subse- 
quent six weeks she regained 5 Kg; however, her 
normotension was replaced by a mean blood pressure 
of 200/139 mm. Hg which, in combination with 
recrudescence of hemorrhagic and exudative retinitis, 
forced reinstitution of hexamethonium therapy at the 
end of four months. 

The patient reentered Barnes Hospital in March, 


1955 because of incapacitating dyspnea which had 
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been increasing for a month. She was completely 
disoriented and cachectic. Her pulse was 120 beats 
per minute, her temperature 38.2°c., her blood 
pressure 150/70 mm. Hg, and she was taking 64 
breaths per minute. Her pupils were dilated and re- 
acted sluggishly; funduscopic examination revealed 
old exudates. Rales were present throughout both 
lung fields and there was dullness in the right base. 
The pulse was regular and there was no gallop; the 
cardiomegaly was unchanged. Ankle jerks were not 
elicited and pathologic toe signs were present bilat- 
erally; the neurologic examination was not otherwise 
remarkable. No peripheral edema was noted. There 
were 2.66 million erythrocytes per cu. mm. blood and 
13.0 thousand leukocytes with a normal differential. 
Microscopic hematuria and cylindruria persisted 
along with 2 plus albuminuria. The urine consistently 
was very strongly acid. The corrected sedimentation 
rate was 68 mm. per hour, There were 68 mg. non- 
protein nitrogen, 134 mg. cholesterol, 3.3 gm. 
albumin, 3.2 gm. globulin, 14.7 mEq. sodium, and 
1.87 mEq. carbon dioxide per 100 ml. plasma. The 
partial pressure of carbon dioxide in arteriolar blood 
was 23.5 mm. Hg and its oxygen saturation was 98 
to 100 per cent; the pH of the blood was 7.39. The 
venous pressure was 45 mm. of saline solution on two 
occasions. A roentgenogram of the chest (Fig. 8) was 
interpreted as advanced generalized carcinomatosis, 
although the clinical picture suggested fibrinous 
pneumonitis. The electrocardiogram revealed right 
bundle branch block. No bacteria could be grown 
from blood or urine; however, non-hemolytic strepto- 
cocci were cultured from the throat. The thymol 
turbidity of the serum was 4.8 units and there was no 
cephalin-cholesterol flocculation. Several L.E. prepa- 
rations were negative. The cerebrospinal fluid was not 
remarkable. The electroencephalogram was not help- 
ful and showed no clear focalization or lateralization 
suggestive of organic brain damage but the patient 
remained helpless and disoriented. Cortisone was 
given along with antibiotics and oxygen. During the 
first four days in the hospital leukocytosis, tachycardia, 
pyrexia and azotemia increased to maximum of 16 
thousand cells per cu. mm. blood, 145 beats per 
minute, 39.2°c., and 103 mg. per 100 ml. plasma 
respectively. During this period the blood pressure 
was very variable, averaging 190/95 mm. Hg with- 
out any blocking agent. Six weeks after entering the 
hospital the patient was discharged completely ori- 
ented and without fever, tachycardia or dyspnea. 
She had 87 mg. non-protein nitrogen per 100 ml. 
plasma and her mean blood pressure was 140/80 
mm. Hg with only occasional doses of pentolinium 
tartrate. 

At present, forty-eight months after she was first 
treated for malignant hypertension with azotemia, 
she is alert and does all her housework without 
symptoms. She has 3.65 million erythrocytes and 5.25 
thousand leukocytes per cu. mm. blood. Her urinaly- 
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Fic. 8. Case u. Roentgenogram of chest on March 13, 
1955, the day of last admission to hospital, showing the 
diffuse patchy infiltration seen in fibrinous pneumonitis. 


sis is unchanged. Her renal function is very poor as 
indicated by persistent azotemia and less than 10 per 
cent excretion of intravenously injected phenol red in 
120 minutes. There has been no further evidence of 
pulmonary disease. Her hyperglobulinemia has 
vanished and her hepatic function is apparently 
normal. 
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Clinical Determination of the Diffusion 
Capacity of the Lungs’ 


Comparison of Methods in Normal Subjects and Patients with 
‘‘Alveolar-Capillary Block’? Syndrome 
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Boston, Massachusetts 


HE concept of dyspnea and disability due to 
mechanics of breathing is well 
accepted. Relatively simple tests for measure- 
ment of ventilatory function are generaily 
understood and their limitations appreciated. 
Such studies are now widely used for routine 
diagnostic screening, for clinical evaluation and 
for assessment of medical and surgical therapy. 

It has been known for many years that dysp- 
nea of pulmonary origin can occur in the absence 
of gross abnormalities in the mechanics of 
breathing [7,2,3]. This has been attributed to an 
alteration of the ‘‘alveolar-capillary membrane” 
impeding the exchange of oxygen through the 
tissues separating the alveolar air from the hemo- 
globin within the pulmonary capillary erythro- 
cytes. Although the mechanism of this transfer 
was a subject of considerable controversy early 
in this century it is now generally accepted to be 
one of simple diffusion. Quantitation of the 
effectiveness of this gas exchange requires deter- 
mination of the diffusion capacity (D) of the 
lungs which is defined as follows: 


Volume of gas diffusing across membrane per unit of time 


quantity of gas transferred across the membrane 
(oxygen uptake) and the oxygen pressure differ- 
ence between the alveolar air and the pulmonary 
capillary blood were known. The inaccessibility 
of pulmonary capillaries for sampling has made 
direct pressure measurement impossible. How- 
ever, the peripheral arterial blood is readily 
available and the pressure difference between 
alveolar air and arterial blood, the so-called 
“‘A-a gradient,” may be determined. The failure 
of arterial blood to attain nearly the same Oy» 
tension as the alveolar gas has led to the realiza- 
tion that the observed A-a gradient consists of a 
“‘membrane” component due to the diffusion 
process and a “‘venous admixture’? component 
due to the appearance in the peripheral arteries 
of blood which has not been in contact with 
alveolar gas. In 1942 Berggren [4] suggested that 
separation of venous admixture from diffusion 
gradients might be obtained by altering the 
concentration of the oxygen in the inspired air. 
Lilienthal et al. [5] and Riley et al. [6] devised 
a method for calculating the diffusion capacity 


Mean difference in pressure of gas between two sides of membrane 


and is usually expressed in cc. per minute per 
mm. of mercury. Therefore, the diffusion 
capacity for oxygen could be determined if the 


(1) 


for oxygen (Do,) using the alveolar-arterial 
oxygen pressure differences determined at two 
different levels of oxygenation. At the higher 


* From the Thorndike Memorial Laboratory and Second and Fourth (Harvard) Medical Services, the Sears Surgi- 


cal (Laboratory and the Fifth (Harvard) Surgical Service, and the Eighth (Thoracic) Surgical Service, Boston City 
Hospital; the Departments of Medicine and Surgery, Harvard Medical School and the Department of Surgery, Boston 
University School of Medicine, Boston, Massachusetts. This investigation was supported, in part, by research grants 
(H-1773) from the National Institutes of Health, Public Health Service and the Committee on Medical Research, 
American Trudeau Society, Medical Section of the National Tuberculosis Association. 

t Fellow, American Heart Association. 

t Fellow, American Trudeau Society. 


JANUARY, 1957 51 


52 Diffusion Capacity of the Lung—Marks et al. 


level, usually room air, the difference is due pri- 
marily to venous admixture, whereas at the 
lower level the measured pressure difference 
reflects the permeability of the membrane. 
Under certain rigidly controlled conditions the 
graphic integration of these two-level A-a 
gradients allows the calculation of the Do,. 
The problems of maintaining the stringent con- 
ditions required and the technical difficulties of 
direct determination of arterial gas tensions have 
limited the clinical applicability of this technic. 

Krogh [7], in 1915, noting the greatest diffi- 
culty in direct measurement of Do,, namely the 
necessity for determination of the end-capillary 
Oz pressure, substituted carbon monoxide as 
the test gas. Because of its affinity for hemo- 
globin, which is 200 to 250 times greater than 
that for Oc, it was assumed that carbon monox- 
ide (CO) is removed rapidly and completely 
from the dissolved state in the plasma and 
therefore exerts no appreciable “‘back pressure”’ 
in the pulmonary capillary blood. Under these 
circumstances equation (1) is simplified to: 
volume of gas diffused per unit of time/alveolar 
pressure of gas. 

Recently, there has been renewed interest in 
the use of CO for evaluation of diffusion. Filley 
et al. [8] described a method for the determina- 
tion of the diffusion capacity for carbon monox- 
ide (Dco) during the steady state. It is assumed 
here, as in the direct Do, method, that there is no 
gradient between alveolar and arterial carbon 
dioxide (CO2). Since the dead space for CO is 
the same as that for COz, the alveolar (= arte- 
rial) pressure of COz is substituted in the Bohr 
dead space equation for calculation of the mean 
alveolar CO tension. The Dco can then be cal- 
culated according to equation (1) because the 
alveolar CO tension is now known, the pul- 
monary capillary CO tension is assumed to 
be zero, and the CO uptake can be deter- 
mined easily from inspired and expired CO 
concentrations. 

The single breath CO method of Forster 
et al. [9] is a modification of the original method 
of Krogh. A maximal inspiration is made of a 
mixture of CO and helium (He) in air, the 
breath held for ten seconds and then an alveolar 
sample is collected. The physiologically inert 
He is used to calculate the alveolar concentra- 
tion of CO before any diffusion of this gas 
through the membrane has occurred. 

These two methods appear to offer relatively 
simple measures for the diffusion capacity of 


the lungs. ‘The Deo can be expressed in terms of 
Do, since O» is known [7/0] to be 1.23 times more 
diffusible than CO. 

This study was undertaken, first, to compare 
the Dco obtained by these two methods and, if 
possible, to relate the Deo to the fraction of CO 
removed [77]; second, to establish normal values 
and to relate these to data from a group of 
patients in whom an impairment in the transfer 
of O» appeared to be the major physiologic de- 
fect; and, third, to compare these Deo values 
with the directly determined Do,. 


METHODS 


Conventional Ventilatory Function Studies. ‘These in- 
cluded triplicate determinations of maxima! breathing 
capacity by the open-circuit method; vital and 1, 2 
and 3 second timed vital capacities by an electronically 
timed dial spirometer [72]; measurements in duplicate 
of residual volume and of intrapulmonary mixing 
index by a modified open circuit nitrogen washout 
technic [73] and determination of subdivisions of the 
vital capacity, minute ventilation, oxygen consump- 
tion and ventilation equivalent for oxygen by closed 
circuit spirometry. All volumes except O» uptake were 
expressed at BIPS. Details of the methods and 
modifications used in our laboratory have been 
reported previously [73]. Predicted normal perform- 
ance for maximal breathing capacities and lung vol- 
umes were calculated according to the regression 
equations of Baldwin et al [74]. 

Appraisal of Diffusion. Do, (Steady State): The 
technic and calculations followed closely those of 
Riley et al. [6]. With the patient supine, breathing 
room air, the brachial artery was cannulized. Thirty 
minutes were allowed for attainment of a steady 
state. Expired air and arterial blood were then col- 
lected simultaneously during a three-minute interval. 
The expired air was analyzed for O2 and CO» with 
the Scholander apparatus with duplicate determina- 
tions required to check within 0.02 per cent. The 
arterial O» tension (Po,) and CO: tension (Pgo,) were 
measured in duplicate by a modified bubble equilibra- 
tion technic [75] with 2 mm. checks required. Arterial 
O2 and CO, contents and O: capacities were deter- 
mined manometrically. The arterial pH was measured 
anaerobically at room temperature with a glass elec- 
trode and corrected to body temperature. The Pco, 
was also calculated by nomogram [76] from the deter- 
mined CO; content and pH and was compared with 
the directly obtained value. The mean alveolar Po, 
was calculated according to the alveolar equation [5| 
and the alveolar-arterial O» difference or A-a gradient 
determined. The entire procedure was then repeated 
using a low O» concentration in the inspired gas. ‘The 
O, percentage was selected so that the arterial satura- 
tion would be at the beginning of the steep portion of 
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the Oy» dissociation curve. In a few instances the 
patient’s arterial saturation during room air breathing 
was already in that range and a gas with a higher, 
rather than lower, O2 concentration was then required 
for the second determination. These two A-a gradients 
were then graphically integrated and, whenever possi- 
ble, the mean pulmonary capillary O2 tension estab- 
lished. From this tension, the simultaneously measured 
Ov» uptake, and the calculated alveolar Po, the Do, 
was determined. 

Dco (Steady State): The procedure suggested by 
Filley et al. [8] was followed except that infra-red CO 
analysis* was substituted for the chemical method. 
With the brachial artery needle in place the patient 
breathed room air at rest for fifteen to twenty minutes. 
An inspired gas containing approximately 0.1 per 
cent CO was then substituted. The O» concentration 
of this gas was adjusted to that of room air to avoid 
altering the steady state. A four-minute interval was 
allowed for equilibration of the lungs with the inspired 
gas and to flush the expired air circuit and collecting 
bag. Arterial blood and expired air were then sampled 
simultaneously over a three-minute period, the fifth 
through the seventh minutes of CO breathing. The 
relative concentrations of CO in the inspired and 
expired gases were measured with the infra-red gas 
analyzer and expressed in absolute CO concentra- 
tions by reference to standard gases analyzed to one 
part per 100,000. ‘The minute uptake of CO was deter- 
mined from these analyses and from the minute vol- 
ume of expired gas. The arterial Pco, was measured as 
in the Do, method. By substitution of the arterial 
Pco, in the Bohr dead space equation the mean 
alveolar Pco was calculated. The diffusion capacity 
for CO could then be calculated, assuming that the 
partial pressure of CO in the pulmonary capillary 
blood is zero. 

Fraction of CO Removed (Feo): From data obtained 
during the steady state Dco procedure an additional 
index of CO diffusion was calculated. This Fco was 
considered by Bates [77] an estimate of the ventilation 
of perfused lung tissue and hence a reflection of 
diffusion. The Foo was obtained by dividing the 
measured CO uptake by the amount of CO presented 
to the lungs. We modified this method slightly by us- 
ing the determined physiologic, rather than the 
apparatus, dead space alone, in effect calculating the 
fraction of CO removed from the alveolar ventilation 
rather than total ventilation [8]. 

Deo (Single Breath): The procedure suggested by 
Forster et al. [9] was followed. With the patient seated, 
breathing room air, a forced expiration was followed 
immediately by a maximal inspiration of a gas con- 
taining approximately 0.3 per cent CO, 10 per cent 
He, 20 per cent Oz and 70 per cent Nz from a box- 
balloon system allowing simultaneous recording of the 


* Gas analyzer Model-15, Liston-Becker Division of 
Beckman Instruments, Inc., 649 Hope Street, Springdale, 
Connecticut. 
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inspired volume. The breath was held for exactly ten 
seconds and then rapidly exhaled. The last 500 cc. 
of expired gas, or “‘alveolar’’ sample, was analyzed for 
CO and He. The ratio of expired to inspired He con- 
centrations was a measure of the degree of dilution of 
the inspired gas by residual volume and anatomic and 
apparatus dead space, presuming that He is not taken 
up by the tissues. This ratio was used to calculate the 
initial alveolar concentration of CO before any diffu- 
sion has occurred. The final concentration of alveolar 
CO in the collected alveolar sample was measured by 
infra-red analysis and the Dco calculated. 

At least three hours were allowed to elapse between 
the steady state and single breath Dco determinations 
to minimize any effect of retained CO. 


SELECTION OF PATIENTS 


Only patients who fulfilled our criteria of ‘‘alveolar- 
capillary block” syndrome were included in this re- 
port. These criteria were: (1) diffuse, finely dispersed 
parenchymal lesions by roentgenogram, (2) normal 
ventilatory function or dyspnea out of proportion to 
the measured ventilatory defect, (3) impairment of 
diffusion capacity, and (4) absence of physiologic 
evidence of obstructive emphysema. The last condi- 
tion was imposed because one of the methods, the Dco 
single breath technic, is based on alveolar sampling 
which is not reliable in patients with serious distribu- 
tional defects. Also, under these circumstances the 
calculation of alveolar gas concentrations and the use 
of the Bohr dead space equation may not be valid. In 
keeping with the purpose of this study an additional 
requirement was available data of resting diffusion 
capacity by at least two methods. 

Thirteen normal volunteers recruited from the 
house staff and laboratory personnel were included as 
controls. This was necessary because of the paucity 
of information concerning normal values for the car- 
bon monoxide methods. No attempt was made to 
estimate the direct Do, in the normal subjects 
since adequate studies in this regard have been 
published [77]. 


RESULTS 


Thirty-one patients were studied on thirty- 
three occasions. Clinical data are listed in Table 
1. Diagnoses included beryllium disease, sar- 
coidosis, chronic interstitial pneumonitis, silico- 
sis, miliary tuberculosis, scleroderma and eosino- 
philic granuloma. In nine patients the diagnoses 
were based on clinical criteria alone. Tissue 
obtained by biopsy was available in twelve pa- 
tients. This was lung in eight, scalene node in 
three and skin in one. In addition, Myco- 
bacterium tuberculosis was cultured from bone 
marrow aspirate of one patient and gastric 
contents of another. Figures 1A through F are 


Fic. 1. A, Case 2. Patient P. B., a forty year old research 
engineer with beryllium disease. 


Cu. 2.14.56 


Fic. 1. C, Case 15. Patient C. J., a fifty-five year old ship 
engineer with pneumoconiosis who had worked in a stone 
quarry. 


typical chest roentgenograms of patients with 
“alveolar-capillary block” syndrome. Dyspnea, 
the only symptom common to the group, ranged 


from minimal (+) to severe (+++-+). Other 
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Fic. 1. B, Case 14. Patient G. J., a fifty-two year old cook 
with miliary tuberculosis. 


symptoms were quite variable. (Table 1.) The 
known length of illness varied from a few months 
to many years. In general, most of our patients 
were in an early stage of their disease. 

Results of conventional pulmonary function tests: 
These results obviously reflect our criteria of 
selection of patients. (Fig. 2 and Table um.) 
Average values for the group will be considered 
first. The maximal breathing capacity was 102 
L./min. or 94 per cent of predicted and individ- 
ual performances fell almost wholly within the 
predicted normal range [74] of 80 to 120 per 
cent. The maximal breathing capacity of the 
normal volunteers averaged 152 L./min. or 118 
per cent. The vital capacity of the patients of 
2.93 L. or 80 per cent was at the lower limit 
of the normal predicted but quite reduced when 
compared to our own normal subjects. The total 
lung capacity of 4.43 L. or 92 per cent was 
probably also slightly reduced when compared 
to the total lung capacity of the normal! subjects 
of 6.00 L. or 118 per cent. The finding of a slight 
ventilatory insufficiency of the “restrictive’’ type 
in these patients with diffuse pulmonary fibroses 
and granulomatoses was not unexpected and has 
been previously described [78-20]. There was 
no evidence of “‘obstructive” ventilatory insuffi- 
ciency. The one-second vital capacity of 75 per 
cent of the total and the residual volume of 1.41 
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E.M. 
73 


10.27.55 


Fic. 1. D, Case 18. Patient E. M., a sixty year old coal 
miner in whom a biopsy specimen of the lung showed 
advanced silicosis. 


L. or 117 per cent were within the normal range 
considering our normal subjects with a residual 
volume of 1.20 L. or 115 per cent. The residual 
volume/total lung capacity ratio of 31.5 per 
cent was slightly larger in comparison to 19.9 
per cent for the normal volunteers. This was 
due to a reduction of the denominator rather 
than an increase of the numerator. The pul- 
monary mixing index of the patients of 1.48 per 
cent nitrogen was not greater than our own 
established upper limit of normal of 1.5 percent 
nitrogen [73]. 

Consideration of individual results reveals a 
number of patients with quite marked restrictive 
ventilatory insufficiency; in all these cases the 
pulmonary complaints appeared to be more 
severe than could be explained on these grounds 
alone. Often, the dyspnea index was elevated 
but due more to a markedly increased ventila- 
tory requirement than a reduced breathing 
capacity. The one patient with very severely 
disturbed mechanics of breathing (No. 28) also 
had more extensive pulmonary involvement than 
others (Fig. 1F) but, more important, the re- 
ported results were unusually poor because of his 
markedly retarded physical development with a 
stature corresponding to that of a normal nine 
year old child. Several other patients had a 
slight diminution of maximal expiratory velocity 
as determined by the one-second vital capacity. 
They were not excluded because the diagnosis 
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Fic. 1. E, Case 25A. Patient E. S., a thirty-seven year old 
housewife with sarcoidosis, before treatment. 


Fic. 1. F, Case 28. Patient R. W., a sixteen year old 
student with pulmonary scleroderma. 


of obstructive emphysema was not supported by 
other ventilatory data and almost all patients 
had a greater impairment of vital capacity than 
of maximal breathing capacity, resulting in an 
air velocity index which was greater than 1.0. 
From the medico-legal standpoint emphasis 
should be placed on patients such as Nos. 8, 12, 
13, 15 and 18 who complained of considerable 
dyspnea and yet had results of conventional 
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TABLE I 
CLINICAL DATA 


—Marks et al. 


Duration 


» 
Symptoms | 


Occupation 


Foundry 
worker 
Research 

engineer 


| Housewife 


Policeman 


Unemployed 


Coal miner 


Housewife 


Machinist 


| Pipe fitter 


Foundry 
worker 


| College 


student 
Nurse 


Insurance 
salesman 


Cook 


| Ship 


engineer 


Receptionist 


| Manager, 


food store 
Coal miner 
Draftsman 


Industrial 


researcher 
Iron molder 


Dairy farmer 


| Dairy farmer | 


Engineering 
technician 
Sailor 
Housewife 
Housewife 
Industrial 
worker 
Sailor 


Student 


Housewife 


Housewife 


| Housewife 


Diagnosis 


Interstitial 
pneumonitis 


Beryllium 


disease 


| Miliary 


tuberculosis 


| Pulmonary 


fibrosis 


| Pulmonary 


fibrosis 
Silicosis 


| Sarcoidosis 


| Beryllium dis- 


ease 


Pneumoconiosis 


? asbestosis 


| Interstitial 


fibrosis 


| Sarcoidosis 
Sarcoidosis 


| Beryllium dis- 


ease 


| Miliary tuber- 


culosis 


Pneumoconiosis 


Beryllium dis- 


ease 
Pulmonary 
fibrosis 


| Silicosis 


Beryllium dis- 
ease 


Beryllium dis- 
ease 
Pulmonary 
fibrosis 
? silicosis 
Eosinophilic 
granuloma 
Eosinophilic 
granuloma 
Beryllium dis- 
ease 
Sarcoidosis 


Sarcoidosis 


Sarcoidosis 
Beryllium dis- 
ease 


Interstitial 
pneumonitis 
Scleroderma 


Beryllium 
disease 


Pulmonary 
fibrosis 
Sarcoidosis 


Method of 
Diagnosis 


| Lung biopsy 


Epidemiologic 
Bone marrow 
culture 


Clinical 


Clinical 


| Lung biopsy 


Scalene node 
biopsy 
Epidemiologic 


| Clinical 
| Lung biopsy 


| Scalene node 


biopsy 
Scalene node 

biopsy 
Epidemiologic 


Gastric culture 


Clinical 


Epidemiologic 
Clinical 

Lung biopsy 
Lung biopsy 
and spectro- 
scopic 


Epidemiologic 


Clinical 


Lung biopsy 
Lung biopsy 
Epidemiologic 
Clinical 


Scalene node 
biopsy 


Epidemiologic 


Lung biopsy 
Skin biopsy 


Epidemiologic 
scalene node 
biopsy 

Clinical 


Lung biopsy 


| Cervical adenopathy, 5 yr.; fatigue, migratory 


Weight 


History * 


Forge cleaner and steel grinder (7 yr.): productive cough 
for 1 yr. 

Fluorescent bulb worker (6 mo.) 14 yr 
x-ray, 9 yr.; slight dyspnea, 6 mo 


ago; abnormal 


| Fever, weight loss and anorexia, 1 mo. 


Pneumonia, 13 yr. ago; angina pectoris, 10 yr 
dyspnea and cough, 1 yr 
Abnormal! x-ray, 3 yr.; cough, anorexia, 1 mo 


progressive 


Coal miner (35 yr.); moderate dyspnea, 5 y1 
Dypsnea and cough following cold 4 yr 
trial exposure; cortisone, 14% yr 
Beryllium rod cutter (1 wk.) 9 yr. ago; 
fatigue, chest pain and weight loss, 6 yrs.; 
steroid treatment, 5 yr. 


ago; no indu 


hoarseness 


cortuco 


| Covered pipes with asbestos and fiberglass (13 


?1 


cough, abnormal x-ray, 24% yr 


| Foundry worker (6 yr.); cough, weight loss, tightness in 


chest, progressive dyspnea, 249 yr. 


| Cough, nausea and abnormal! x-ray, 3 yr 


poly- 
arthritis, weight loss and dyspnea, 6 mo 

Fluorescent bulb worker 15 yr 
and minimal! dyspnea, 6 mo 


ago; cough, fatiguabilit,s 


loss, oct asional gualac-positive stools, mo 
Papanicolaou of bronchial aspirate Grade IV; scalene 
node: ? sarcoid 

Stone quarry work (1 yr.) 20 yr. ago; abnormal 
6 mo.; minimal dyspnea 
Fluorescent bulb coater (1!9 yr.) 
and minimal! dyspnea, 8 mo 
Pneumonia 4 yr. ago; progressive dyspnea and slight 
cough since; no industrial exposure 

Coal miner (40 yr.); moderate dyspnea, 5 yr 

Draftsman in beryllium factory (9 mo.), 13 yr 


cough, fatigue, cyanosis, clubbing, 4 yr. 


X-Tay 


14 yr 


ago; pleurisy 


Experimental beryllium grinding (3 mo.), 10 yr. ago 
dyspnea, cough, chest pain, 5 yr. 
Molder in cast iron foundry (44 yr.); 


9 yr.; productive cough, dyspnea, 6 mo 


abnormal x-ray 


Abnormal x-ray, 4 yr.; progressive dyspnea, 4 yr. not 
altered by cortisone; spontaneous pneumothorax, 2 yr 


ago; restudied after 1,500 r. to lung fields 


Fluorescent bulb plant worker (15 yr.); abnormal x-ray 
and progressive dyspnea, 6 mo. 
Cervical adenopathy, biopsy: 

asymptomatic; no industrial exposure 


normal lymph node; 


| Cough, blood-streaked sputum, chest pain and weight 


loss, 3 mo.; no industrial restudied after 
1 mo. prednisone, clinically improved 

Fluorescent bulb worker (6 mo.), 15 yr. ago; weight loss, 
cough, moderate dyspnea, 8 yr.; asymptomatic on 
cortisone 

Exposed to petroleum fumes and paint dust (2 
abnormal x-ray on discharge from service 

Retarded growth, abnormal x-ray and dyspnea, 7 yr.; re- 
cent cyanosis, clubbing, spontaneous pneumothorax 


exposure; 


yr 


| Draftswoman in beryllium plant (3 mo.); weight loss, 


cough, dyspnea, abnormal x-ray, 2 yr. 


| Recurrent pneumonia, cough and blood-streaked spu- 


tum; no industrial exposure 
Virus pneumonia, 4 yr. ago; clubbing, minimal dyspnea; 
no industrial exposure 


* Duration 


of exposure in parentheses 
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50 
Age 
ase 
ad | 
Hex 
1 | 39,M 1 yr. 
2 40,M 9 yr 
3 | 26,7 1 mo . 
4 62,M | 1 yr +++ 
5 | | 2mo ++ — | 
| 
5 yr. +++ | 
7 29, F | 4 yr ++ 
6 yr ++ | 
| | | 
9 | 48,M yr. ++ | 
| 
11 | 16, M 3 yr 0 
| 
13. | 36,M 6 mo + 
14 52, M | 6 mo 0 
15 55,M 6 mo | | 
16 | 33,F | 8 mo | 
| | 
18 60, M 5 yr 
| | | 
| 
20 | 26,M |S yr. t+ | 
| 
21 69, M | | } 6 mo. 
| | | | 
| | | 
228 | 27,M 4 yr. | | 
23 | 36,F | | 6mo + | 
| | 
25A | 37,F | 3mo. | ++4++ 
25B | 37,F | 3 mo. ++ | 
26 | 32,M | 8 yr. 0 | 
| | 
28 | 16,M a 7 yr t++ | } 
| | | | 
29 | ++ Hl | 
| | 
| | 
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TABLE 1 
VENTILATION 


Maximum 1 Sec- 
Breathing 


Body Capac ity 
Sur- I 


Vital Residual! otal Lung 
ond Capacity Volume Capacity 
Timed Air L.) Residual Volume 
min.) Vital Veloc- 
Capac- ity 
ity Index 
% of Ob- Pre- Ob- Pre- Ob- Pre- 


dicted total served | dicted | served | dicted | served | dicted 


Total Lung Capacity 
(%) 


Patients 
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Mean 


Standard 


deviation |+16.3\)+. +19.6 
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Mean 2 | 1.86 | 15 ‘ 9 | 1.04 6.00 


Standard 
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deviation 


All gas volumes expressed at BTPS 
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57 
Mix- 
Age ing 
ine face Index 
Sen Area (% 
M? N2) 
Ob- 
served 
M/ 1.8 118 12 81 1.40 26 29.2 | 1.34 
1.97 92 12 3 0.80 39 35.3 1.56 
1.69 79 100 81 1.20 
{ M 1 99 76 108 65 0 89 .06 
M | 1.84 86 102 4 1.11 Es 
8 M/ 1.51 81 85 65 1.06 .29 
= 0.99 09 
: 48,M/| 1.92 | 133 118 66 0.97 .02 
M/| 1.83 68 121 80 2.33 .96 
8M 1.66 | 132 128 0 1.32 73 
8, 1 1.71 93 71 ) 93 82 
M/ 2.05 | 142 13 84 1.07 63 
{ M/ 1.48 | 11¢ 88 78 1.3 73 
M/ 1.73 | 118 100 61 1.08 .06 
1 .35 
M/ 1 28 
- Mi 1 51 
M | 1 .57 
1 .82 
\ M | 1 .42 
B Mi 1 57 
I 1 25 
1 74 
\ I 1 .71 
B 8 | | .36 
Mi 1 
1 .98 
8, I 1 .97 
1 .31 
10, I 1.5 .50 
411.75 | 101.8 | 107.8 75.2 1.27 2.93 
+96 + 50) + 66 | | | +.29 | +£1.15) + .69 +8.90 + 
Normal Subjects 
| 
D. ¢ 1.84 | 155 131 1.03 | 4.83 | 4.19 1.04 1.05 11 
G.G 7M! 1.83 | 123 132 75 0.82 4.99 4.43 1.14 1.11 54 
S.W 4.M/ 1.88 | 134 139 85 0.89 4.78 4.46 1.4 1.11 .72 
4.N 2, | 1.75 | 147 107 92 1.10 4.12 3.31 0.84 0.83 45 
B. | J 1.75 144 103 80 1.10 4.20 3.30 i.%5 0.83 .43 
M.S 8 ¥ 1.66 143 96 83 1.25 3.73 3.13 1.06 0.78 .44 
E.H gs M 1.89 147 136 5 0.92 4.89 4.19 0.76 1.05 .70 
R.H 4.M/ 1.93 | 157 143 89 0.90 5.31 | 4.31 1.18 1.08 93 
D. M 0, 1.75 | 4.86 4.32 1.85 1.08 59 
A.M .M|! 2.05 | 253 147 81 1.46 5.40 4.56 1.11 1.14 .69 
IK 1.85 | 106 | 134 72 0.73 | 4.59 | 4.31 1.29 1.08 .66 
W.A 33.M! 1.96 | 129 136 83 0.83 4.99 4.35 
E.G 35,M | 2.01 | 187 138 83 1.11} 5.20] 4.25| 1.43] 1.30| mmo | 5.57 21.2 | 0.64 
5.10 19.9 0.83 
4.2 137.5 1216.7 +5.7 .21 + .49 + .49 t .29 + .64 +3.9 + .43 
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TABLE III 
VENTILATION AND BLOOD GASES, PATIENT AT REST BREATHING AMBIENT / 


Ventila- Arterial 
Alveolar Respira- 

(am. He) Tension tion Tension 1H Ratio 
(mm. Hg) (%) (mm. Hg) 


Ventila- 


Oz Uptake tion 


Case 


100 cc. Oz) 


Patients 


32 110 
.21 121 
40 104 
49 114 
.77 109 
79 122 
.44 
.61 
.25 
.50 
.69 


| 


& WD — 


AAO UW 


22 
22 
23 
24 
25 
25 
26 
27 


uw 


Standard 
deviation +9.0 10.8 


Normal Subjects 


j= 

+ 


| 

| 


NN WW WWNN WN] 


PSS POR YOD) 


Mean 
Standard 
deviation +60.0 
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| - 
(cc. /min. / 
M?) 
145 74 93 35 7.40 0.96 
156 69 92 26 7.50 0.96 
102 93 95 38 7.38 0.79 , 
164 71 92 35 7.42 1.02 
142 67 92 36 7.42 0.91 
177 92 94 31 7.51 0.97 
110 98 97 32 7.41 1.09 
8 148 66 91 39 7.40 0.72 
9 159 85 94 37 7.44 0.76 
10 156 57 88 34 7.45 0.81 
11 138 97 37 0.67 
12 143 90 37 7.44 0.87 
13 156 77 93 34 7.42 0.98 
14 147 .85 111 84 94 33 7.43 0.80 
15 177 84 116 76 93 30 7.44 0.99 
16 142 67 94 80 94 41 fhe 0.81 
17 141 1 56 SNe asta 92 14 Fide 1.14 
18 157 88 eae 4 92 37 0.92 
19 143 12 126 82 95 27 7.44 1.05 
20 153 30 112 65 90 28 7.40 0.84 
116 34 98 79 93 39 7.38 0.85 
i 132 70 98 73 93 41 7.45 0.90 2 
125 21 117 72 92 38 7.42 1.28 
144 72 104 94 94 32 7.38 0.83 
168 62 eee 34 0.95 
| 144 47 111 69 93 28 7.36 1.24 
130 76 121 95 95 25 7.52 0.84 
159 31 105 83 94 26 0.83 
162 .85 106 80 94 37 0.8! 
28 150 37 103 74 92 45 7.40 1.00 
29 160 72 99 69 92 41 7.3t 0.80 
30 118 32 92 55 87 48 7.39 0.78 
31 149 54 109 75 93 37 7.40 0.87 
Mean 146 ee 60 108 i 93 34 7.42 0.91 
+6.4 + 04 
128 48 7.37 0.85 
153 43 7.43 0.82 
128 .00 41 7.39 0.78 
148 24 102 100 97 40 7.35 0.84 
142 .66 117 105 98 34 7.43 0.87 
124 .38 39 7.39 0.87 
119 .95 te 39 7.37 0.85 
144 50 37 7.41 0.86 
140 42 7.39 0.81 
, 141 18 105 97 38 7.42 0.95 
176 26 35 7.45 0.89 
127 01 | 101 | 92 95 42 1.39 0.87 
es 32 106 99 96 40 7.39 0.86 
‘ +3.8 + 03 + 05 
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ventilatory function studies which must be con: 
sidered normal in every respect by any standard 
of comparison. (Table 1.) 

Ventilation studies of one of the patients who 
was examined twice are of interest. A housewife 
with sarcoidosis was first studied before any 
treatment (No. 25A). Results suggested obstruc- 
tive ventilatory insufficiency with a moderate 
reduction in maximal breathing capacity, a 
striking increase in residual volume and an 
abnormally high pulmonary mixing index. 
(Table u.) Following an intensive course of 
prednisone (No. 25B) there was marked im- 
provement with an increase of maximal breath- 
ing capacity of 14 L./min., a decrease of residual 
volume from 2.94 to 1.17 L. and a now normal 
pulmonary mixing index of 1.36 per cent. It 
was thought that the original obstructive pattern 
was not on the basis of irreversible obstructive 
emphysema but rather due to bronchospasm and 
edema or extrinsic pressure on airways by en- 
larged nodes, a not unusual pattern in sar- 
coidosis [20,22]. 

Ventilation and Blood Gas Studies at Rest: Re- 
sults for patients and normal volunteers are 
shown in Table m. Although the mean oxygen 
consumptions of the two groups varied by no 
more than 10 cc., marked hyperventilation was 
the rule among the patients. Their average 
minute ventilation was 5.22 L. compared to 
3.24 L. for the normal subjects and the ventila- 
tion equivalent for Os, the number of liters 
ventilated per 100 cc. O» taken up, was 3.60 
compared to an upper limit of normal for this 
ratio of 2.50 L./100 cc. [77]. All patients except 
one (No. 11) were above this limit while only 
two normal subjects hyperventilated. One of 
these (B. F.) was subsequently discovered to be 
in the first trimester of pregnancy when un- 
explained hyperventilation is a common find- 
ing [23]. Other but somewhat less consistent 
manifestations of hyperventilation in the patient 
group were a slightly increased respiratory 
exchange ratio, a reduced arterial Poo, and an 
elevated arterial pH. However, the differences 
were small when compared to the control group 
and there were individual exceptions. The 
mechanism of hyperventilation, so character- 
istic of pulmonary fibrosis and the alveolar- 
capillary block syndrome, has not been ade- 
quately explained. It has been attributed to an 
overactive respiratory center stimulated by in- 
creased stretch reflexes from the lungs. From the 
teleologic standpoint hyperventilation might be 
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regarded as an attempt on the part of the organ- 
ism to increase the oxygen pressure gradient 
across the abnormal “membrane.” However, 
the mechanism by which this could occur is 
unknown and hyperventilation usually persists 
even during 100 per cent O» breathing. At any 
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Fic. 2. Results of ventilatory studies in thirty-three pa- 
tients with ‘‘alveolar-capillary block” syndrome. The 
maximal breathing, vital and total lung capacities are 
shown as per cent of predicted; the one-second timed 
capacity as per cent of total vital capacity; the residual 
volume as per cent of total lung capacity and the intra- 
pulmonary mixing index as per cent “‘alveolar”’ nitrogen 
after seven minutes’ oxygen breathing. The mean for each 
group, together with one standard deviation, are super- 
imposed on stippled areas indicating accepted normal 
range. 


rate, in fifteen of twenty-eight patients hyper- 
ventilation did result in a marked elevation of 
the alveolar Po, but only three ef these fifteen 
were able to maintain a normal arterial Po, and 
the mean arterial Po, of 77 mm. Hg was con- 
siderably below the accepted normal of 95 mm. 
Hg. The arterial O2 saturation was entirely 
normal, above 96 per cent, in only five instances. 
Yet the mean saturation for the group of 93 per 
cent was only slightly reduced and marked un- 
saturation was found only twice re-emphasizing 
that the percentage of saturation does not ac- 
curately portray the severity of impairment in O» 
transfer. 

Results of Diffusion Studies: These are listed in 
Table tv and illustrated in Figure 3. The steady 
state Dco averaged 7.0 cc./min./mm. Hg for the 
patients compared to 19.5 cc. for the normal 
control groups. This was the only carbon monox- 
ide method which separated patients from nor- 
mal volunteers without overlap: the patients’ 
range was 2.5 to 13.1 cc. and the normal sub- 
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TABLE IV 
DIFFUSION MEASUREMENTS, PATIENT AT RES1 


Alveolar-Arterial O2 


Difference Direct Deco, Doo, 


Do2/1.23 Dco Dco Fraction Venous Direct Steady Single 

(ce. CO Steady Single co Admix- Do: State Breath 

min./mm. State Breath Removed ture / (cc./min cc./min 

Ambient min./mm Hg) cc./min./ | (cc./min ( ( mm./M?2 mm./M2 mm./M?2 
Air Hg) mm. Hg) | mm. Hg) BSA 

(mm. Hg) (mm. Hg) 


Patients 


3 
5. 
3 
5 
8 


N 


Standard 
deviation 


Standard 
deviation 


All gas volumes expressed at STPD. 
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Case 
No. 
1 36 10 9.2 19.7 36 { 10 
2 52 25 8.0 18.5 35 + 1 4 
3 11 17 6.7 5.5 5.9 30 4 4.0 
4 43 12 4.2 11.6 16 2.1 - 
5 42 14 4.7 14.8 23 : 
6 30 2 7.6 17.8 23 ; 1 8 
7 16 14 10.9 8.9 6.9 11.0 33 4 
~ 26 11 3.3 24.4 42 4 
9 19 13 13.3 10.8 8.7 13.3 41 ~ ? 4 4 4 
10 46 40 6.9 5.6 7.0 6.2 22 26 3; 8 by 4 
11 ‘ 8.2 24.2 45 4 14 
12 8.8 18.0 44 l 1 
13 38 23 18.2 14.8 8.4 22.7 35 18 8.9 4.1 11 
14 27 12 12.1 9.9 8.0 19.6 26 11 8.2 $ 
15 40 28 8.3 6.7 6.9 17.0 28 20 4.8 $ - 
16 14 11 12.4 10.1 5.7 19.6 33 ) ? 8 1 
17 3.9 4.7 13 4 
18 7.4 21.5 49 4 
19 44 23 10.2 | 8.3 6.6 9.5 24 18 5.1 4 2 
20 47 28 8.7 Pe 6.0 P 29 0 4.8 
21 19 9 7.5 12.1 33 4 
22A 25 27 | re 5.9 6.5 13.3 31 11 3.9 
22B | 45 27 8.3 6.7 9 15.1 21 0 4.5 - 
23 10 11 8 12.9 38 . 
24 1m 1 30 50 
25A 42 31 6.5 §.3 9 25 25 3 
25B 26 22 6.3 5.1 8 16.3 35 7 4.0 4 
26 22 6 7.8 28.1 33 1.0 14 
27 26 13 ad 8 18.4 18 I 1 
28 29 30 5.1 4.2 I 5 21 15 4.2 ro 
29 30 32 7.4 6.0 3 14.9 28 18 4.1 B 2 
30 53 36 6.1 5.0 I 2 19.7 33 28 3.9 12 
31 34 29 fe 5.8 10.6 : 18 4.6 
Mean 31.9 19.9 9.1 7.4 7.0 16.8 31 17.4 5.3 4.0 ) « 
| +12.3 +9.8 +3.3 2.7 +5.9 + 9.1 +8.3 +1.7 +1.1 
Normal Subjects 
D. C. 19.1 37.3 64 ; 10.4 20.5 
G. G. 16.4 28.9 56 0 15.8 
S. W. | 34.5 67 11.4 18.4 
A. N. 2 17.2 21.5 58 ) 2:3 
B. F. 12 19.0 24.4 62 10.9 14.0 
M. S. 21.5 rE 65 13.0 15.8 
E. H. 16.8 31.0 72 , 8.9 16.2 
R.H. | 26.8 32 .6 68 13.8 16.9 
D. M. 18.5 29.3 60 10 .¢ 16.7 
A. M. 8 0 24.7 34.4 68 12.0 16.8 
32.4 42 9.3 17.5 
W.A. 19.7 | | 61 10.0 
E. G. 9 , 15.6 30.4 63 P 7.8 16.8 
Mean ~ 19.5 | 30.2 | 62 10.5 16.5 
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jects 15.6 to 26.8 cc. The steady state Dco was 
also calculated in terms of body surface (Table 
iv) although the number of our normal subjects 
was too small to demonstrate the pertinence of 
this calculation. 

The single breath Deo, obtained in twenty-nine 
patients, averaged 16.8 cc./min./mm. Hg com- 
pared to 30.2 cc. for the normal group. Six pa- 
tients had results which fell within the normal 
range of 21.5 to 37.3 cc. In the patient group 
the diffusion capacity determined by this method 
was 140 per cent larger than the average by the 
steady state method and for the normal control 
group it was 55 per cent larger. 

The fraction CO removed (Fco), calculated 
from data available from the steady state Dco 
determination, provided a good separation be- 
tween the two groups, with an average value of 
31 per cent for the patients and 62 per cent for 
the normal subjects. There was only one normal 
subject (J. K.) below and one patient (No. 24) 
above the accepted dividing line [77] of 50 per 
cent. This was surprising because the Foo re- 
moved has been described as only a relatively 
crude index of diffusion capacity. Additional 
facets of this measurement will be discussed. 

The directly determined Do, could be calculated 
in only eighteen patients, although alveolar- 
arterial Po, differences (A-a gradients) were 
measured at two levels of O2 breathing in twenty- 
eight subjects. (Table rv.) Most of the failures 
were due to improper selection of the “‘low” 
Oy» concentration of the inspired gas for the 
second measurement. If the concentration was 
too high the Oz» saturation was still in the flat 
portion of the dissociation curve and the assump- 
tion of a minimal ‘‘venous admixture” effect 
was not valid. If the concentration was too low 
the saturation was depressed below 75 per cent 
on the steep portion of the curve, so that the 
assumption of an unchanged cardiac output, 
arteriovenous O>, difference, and diffusion could 
no longer be made. In some instances, the O» 
consumption during the two determinations 
differed by more than the acceptable limit, and 
on a few occasions, the arterial Po, determina- 
tions were thought unreliable because of failure 
of multiple analyses to check within 2 mm. 

The Do, was less than the minimum normal 
of 15 cc./min./mm. Hg in all but one case 
(No. 13). When the Do, was calculated in terms 
of Deo there was remarkable agreement be- 
tween the two steady state methods: the mean for 
the Do,/1.23 was 7.4 + 2.7 cc./min./mm. Hg 
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and the mean for Dco was 7.0 + 2.1. (Table rv.) 
It is of interest that, in spite of our strict criteria 
for selection of patients, “‘pure’’ diffusion defects 
were rare: the calculated venous admixture was 
greater than the upper limit of normal of 6 per 
cent in all patients but one (No. 3). An abnormal 
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Fic. 3. Mean and individual values for carbon monoxide 
diffusion capacities (Dco) in cc./min./mm. Hg by the 
steady state and single breath technics and the fraction 
of carbon monoxide removed (Fco), as per cent, all ob- 
tained with subjects at rest, are shown for thirteen normal 
volunteers and for thirty-three patients with “‘alveolar- 
capillary block” syndrome. 


ventilation-perfusion relationship has been de- 
scribed in some advanced cases with alveolar- 
capillary block syndrome [79] but the almost 
invariable and considerable degree of venous 
admixture in this group with relatively early 
disease was not anticipated. 

The limitation of the room air A-a gradient 
for definition of oxygen transfer defects has been 
mentioned. Yet, among twenty-eight patients in 
this group there was only one with an almost 
normal gradient (No. 23) and only one with an 
elevated room air gradient but a normal Do, 
(No. 13). From the clinical standpoint it appears 
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Fic. 4. Comparison of directly determined oxygen diffusion capacity (Do,) with car- 
bon monoxide diffusion capacities (Dco) obtained by the steady state and single 
breath technics in eighteen patients with “‘alveolar-capillary block” syndrome. The 
CO values were multiplied by 1.23 to account for the slightly greater diffusibility of 
Ox. Results for individual patients and means for the group are indicated. All studies 


were performed at rest. 


that, because of the almost constant association 
of diffusion defects with abnormally large venous 
admixture, the room air A-a gradient alone is a 
significant measurement in patients in whom dif- 
fusion impairment is suspected. The importance 
of the room air A-a gradient in this regard has 
been emphasized by Wright [20]. 

Results of the three diffusion capacity meas- 
urements in the same patients are compared in 
Figure 4. Individual values for the two CO meth- 
ods were multiplied by the constant 1.23 to 


correct for the greater diffusibility of oxygen [70]. 
The directly determined Do, of 9.1 cc. in this 
group compared very well with the mean cor- 
rected steady state Dco of 7.9 cc. with a coeffi- 
cient of correlation of +0.67 (P < 0.01) for 
individual patients. The mean single breath 
Doo, similarly corrected, was 18.4 cc. or more 
than twice as large as the means for the other 
two methods. However, there was also a highly 
significant correlation between the two Deco 
methods (r = +0.74, P < 0.01). Possible rea- 
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Fic. 5. The steady state carbon monoxide diffusion capacities (Dco) at rest and during 
moderate exercise (1.5 to 3 m.p.h., 8 per cent grade) in eleven normal subjects and eighteen 
patients with “‘alveolar-capillary block” syndrome. The severity of the exercise is indicated 


in terms of Oz uptake per minute. 


sons for the higher values with the single breath 
method will be discussed. 

Exercise studies could not be carried out in all 
patients because some were too ill, others had 
active tuberculosis and two were crippled by 
skeletal malformations. The steady state Dco 
method was the only one for which comparison 
between rest and exercise was possible. It was 
not feasible in these outpatients to maintain 
arterial cannulization long enough for a second 
two-level A-a gradient determination, and the 
single breath method was not applicable because 
of the difficulty in holding breath during activ- 
ity. Results of the steady state Dco method 
during exercise have been reported in detail 
previously [8,24]. 

Comparison between rest and exercise was 
possible in twenty patients and in eleven normal 
subjects. (Fig. 5.) The severity of exercise was 
expressed in terms of minute O» uptake. The 
measurements for the normal subjects do not 
represent the so-called “maximal diffusion 
capacity” since no attempt was made to produce 
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maximal stress. Rather, the exercise of the con- 
trol subjects was limited to the degree which 
was tolerable to most patients [24]. It is evident 
from Figure 5 that (1) for the same intensity of 
activity the relative increase in Dco was about 
the same. for patients and for normals, and 
(2) the degree of discrimination of the test was 
equally good under either condition. Both con- 
clusions are contrary to observations of Bates et 
al. [25] in six patients with pulmonary emphy- 
sema they found no increase from resting Dco 
values while walking on the level at two to three 
miles per hour. Their data are not strictly com- 
parable because the severity of the exercise was 
expressed differently; the steady state condi- 
tion was not remarked upon; the patients had 
severe emphysema; and end-tidal CO analy- 
ses [26] rather than arterial COs, tensions 
were used for calculation of the alveolar CO 
concentration. 

Comparison of Deo studies with results of others. 
Reports, to date, of clinical application of the 
two Deco methods are limited to five patients 
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with vaguely defined pulmonary disease [27]. 
All had complicating pulmonary emphysema 
and only two were studied at rest. Comparison is 
therefore not possible but in one of the two pa- 
tients the steady state Dco was 15 per cent 
smaller than the single breath value and in the 
other patient it was four to five times larger. 

For normal subjects at rest the data of Filley 
et al. [8] are available for comparison of the 
steady state Dco method. Their mean Deo for 
seven individuals studied on twelve occasions 
was 17.9 cc./min./mm. Hg and compared well 
with our mean of 19.5 cc. (Table rv.) However, 
their range of 10.5 to 28.0 was greater than ours 
and four of their subjects had a Deo which would 
fall in our patient range. This may have been, in 
part, because patients with arrested minimal 
tuberculosis were included among their normal 
subjects, because their method of CO gas analy- 
sis was different from ours, and also because all 
but two of their subjects hyperventilated; their 
ventilation equivalent for OQ. was more than 
2.5 L./100 cc. and the mean value for the group 
(where Oy, uptake was indicated) was 3.00 com- 
pared to our 2.32 L./100 cc. (Table m.) As a 
corollary, their Feo, calculated in the same man- 
ner as ours, averaged only 53 per cent compared 
to our mean of 62 per cent. (Table tv.) 

Also of interest in this connection is a compari- 
son of the two Deo methods in six normal sub- 
jects just published by Bates and Pearce [28]. 
The steady state Deco in the supine position, 
calculated from end-tidal samples [26] rather 
than the Bohr equation, averaged 18.1 cc./ 
min./mm. Hg, almost identical with our mean. 
However, the single breath Deo in the sitting 
position was only 16.8 cc. compared to our 
30.2 cc. The cause for this marked discrepancy 
with use of an identical method is not immedi- 
ately apparent. In the same subjects they found 
that the Deco is about 3 cc. greater by either 
method with the subject lying flat than in the 
sitting position. If confirmed, this would mean 
that our large discrepancy between the two 
methods would have been even larger if the 
same position had been used for both. 


CASE REPORTS 


Detailed discussion of the clinical material 
comprising this study is not intended and cor- 
relation of symptoms and signs to laboratory 
findings is limited to presentation of Tables 1 to 
tv. Although emphasis has been placed on com- 
parison of methods, presentation of a typical 


case may serve to bring the entire group of pa- 
tients into proper perspective and may illustrate 
both the indications for, and the significance of 
diffusion studies in this group. 


Patient E. P. (No. 22), a twenty-seven year old dairy 
farmer, was referred from the Boston Veterans 
Administration Hospital for study in August 1955 
because of progressive dyspnea, cough, chest pain and 
weight loss. The present illness began three years be- 
fore when an erythematous, papillar eruption devel- 
oped over the patient’s lower extremities. A roentgeno- 
gram of the chest at that time revealed fine nodula: 
infiltration in the right upper lobe. This progressed 
to involve both lungs during his hospital stay. The 
only other finding of interest at that time was a positive 
reaction to first strength tuberculin. 

The patient was readmitted three years later be- 
cause of a right spontaneous pneumothorax. During 
the interval he had noted increasing exertional dysp- 
nea, non-productive cough, bilateral chest pain and 
moderate weight loss. The lung re-expanded promptly 
and a scalene node biopsy was performed, but only 
normal nodes were found. : 

He was readmitted for the third time six months 
later because of progressive symptoms with disabling 
dyspnea and increasing pulmonary infiltration. (Fig. 
6A.) After all other diagnostic procedures were ex- 
hausted a lung biopsy was performed and the histo- 
logic diagnosis was eosinophilic granuloma. (Fig. 6B.) 
He was given cortisone for eight weeks but there was 
no clinical improvement or roentgenographic changes. 
Pulmonary function studies were then requested 
prior to a trial of radiation therapy. The results of 
these studies are summarized in Tale v. Ventilatory 
studies revealed normal breathing dynamics and a 
25 per cent uniform reduction of all lung volume 
compartments. Blood gas studies showed minima! O» 
unsaturation, marked diminution of O, tension and a 
moderate increase of the A-a gradient both during 
ambient air and low oxygen breathing. At rest, the 
directly determined Do,, the Deo by both methods, 
and the Fco were all about one-third of normal and 
there was marked hyperventilation. During exercise 
the steady state Deo and the Foo were again reduced 
to one-third of normal and he ventilated almost twice 
as much as a normal individual at the same rate of 
activity. It was concluded that the severe respiratory 
complaints in the absence of a measurable defect 
in the mechanics of breathing were adequately ex- 
plained by the demonstration of a severe degree of 
alveolar-capillary block. 

During the next two months the patient received 
radiation totaling 3,200 r to both lungs. There was no 
interruption in the progressive course of the illness and 
he was referred four months after the initial studies for 
objective evaluation of the results of radiation treat- 
ment. Results of this second series of tests revealed 
changes of a magnitude which were all well within the 
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limit of error of the particular technic. (Table v.) 
The only exception was a further increase in the A-a 
gradient during ambient air breathing and conse- 
quently a marked increase from 11 to 30 per cent in 
the calculated venous admixture. It was concluded 
that radiation therapy had not resulted in any change 
of the degree of alveolar-capillary block and, on the 
basis of a single observation, it was suggested that 
possibly the dead space-like ventilation and venous 
admixture-like perfusion were increased. 


The selection of our patients, as indicated 
initially, was made on the basis of roentgeno- 
graphic evidence of finely dispersed parenchymal 
lesions, normal ventilatory function or dyspnea 
out of proportion to the measured ventilatory 
defect, and impairment of diffusion capacity. 
It is of interest that patients who were seen at 
our laboratory with x-ray findings as described 
almost invariably also had demonstrable im- 
pairment of diffusion capacity. Deserving em- 
phasis are patients who fulfilled all the criteria 
except that they had normal diffusion capacities. 
During the past two years two individuals were 
seen who had diffuse miliary involvement by 
roentgenogram but, unexpectedly, normal oxy- 
gen and carbon monoxide diffusion measure- 
ments. In one such individual, not included in 
this report, certain abnormal findings including 
increased alveolar and arterial O» tensions and 
respiratory quotient, and decreased arterial CO, 
tension and Feo could all be explained on the 
basis of voluntary hyperventilation during the 
examinations. In the other patient the results 
of all studies were entirely normal despite a 
strikingly abnormal roentgenogram of the chest. 
This individual (Subject J. V.) was not included 
among the patients or normal subjects of this 
report but is of sufficient interest to merit 
presentation. 


Subject J. V., a twenty-one year old white Marine, 
was referred from the U. S. Naval Hospital, Chelsea, 
Massachusetts because of unexplained diffuse pul- 
monary infiltration, The patient was a vigorous 
athlete without symptoms. A normal roentgenogram 
of the chest was obtained one year before admission. 
Four months later, following a tonsillectomy, a mild 
cough led to another roentgenogram of the chest which 
revealed diffuse, mottled miliary infiltration. (Fig. 7.) 
Further films revealed no change during the next six 
months. Past and family histories were non-contribu- 
tory except that he had worked with steel on a drill 
press for six months many years ago. Physical exami- 
nation was entirely within normal limits. Routine 
laboratory examinations and skin tests for blastomyco- 
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Fic. 6. A typical patient with “‘alveolar-capillary block” 
syndrome included in this study. A, Case 22A. A chest 
roentgenogram of patient E. P., a twenty-seven year old 
dairy farmer. There is a widely dispersed granular infil- 
tration of both lungs. B, Same case. A biopsy specimen 
of the lung. The final diagnosis was eosinophilic granu- 
loma, 
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TABLE V 
CASE REPORTS 


Ventilation: 
Maximal breathing capacity, L./min. 
Vital capacity, L 
One-second vital capacity, % of total vital 
capacity 
Pulmonary mixing index, % nitrogen. 
Lung Volumes: 
Residual volume, L 
Total lung capacity, L...... 
Residual volume/total lung capacity X 100, % 
Arterial Blood Gases: 
Oxygen saturation, %..... 
Oxygen tension, mm. Hg... 
Carbon dioxide tension, mm. Hg.. . 
Alveolar-arterial O» tension difference, mm. Hg, 
breathing room air 
Alveoiar-arterial Oy» tension difference, mm. Hg, 
breathing low O2 mixture 


Diffusion Studies: 
Do,, steady state, cc./min./mm. Hg 
Deo, steady state, cc./min./mm./Hg............. 
Deo, single breath, cc./min./mm. Hg.......... 
Fraction CO removed, % iy 
Venous admixture, % of cardiac outpu 
Oxygen uptake, cc./min — 
Ventilation equivalent for O2, L./100 cc 
Diffusion Studies, Exercise (3.6 mph, 8%): 
Deo, steady state, cc./min./mm. Hg... 
Fraction CO removed, % 
Oxygen uptake, cc./min 
Ventilation equivalent for Ox, 


Patient No. 22, Radiation 


Before After 


Subject J. V. 
Treatment ubject \ 


Predicted 


Normal 


Predicted 


Determined 
Normal 


96 
90-100 
45 


90-100 


<10 


<10 


5 
Not calculated 
222 


2.28 


24.8 
38 
1119 
2.30 


sis, coccidiomycosis and histoplasmosis were negative. 
The tuberculin test was negative in both strengths. 
Pulmonary function studies are summarized in 
Table v. Ventilation, arterial blood gases and Dco 
both at rest and during exercise (Fig. 5) were all within 
the normal range. This was also the only patient with 
diffuse pulmonary involvement who had normal A-A 
gradients during both room air and low oxygen 
breathing. The Do, could therefore not be calculated. 
The clinical diagnosis was pulmonary fibrosis or 
granulomatosis of unknown etiology. A _ supra- 
clavicular node biopsy specimen showed only chronic 
inflammation and lung biopsy was not obtained. 


COMMENTS 


Discussion of the alveolar-capillary block 
syndrome is not within the scope of this paper. 


Several reviews of the clinical and physiologic 
manifestations of this condition are avail- 
able [79,24,29]. The main purpose of this study 
was to evaluate and compare the carbon monox- 
ide technics in regard to estimation of diffusion 
capacity. The decision to restrict this study as 
much as possible to patients with uncomplicated 
alveolar-capillary block syndrome deserves com- 
ment because impaired diffusion must be part of 
the physiopathologic picture in other pulmonary 
disease entities. Sheppard et al. [30], discussing 
the so-called “‘maximal diffusion capacity” in 
patients with emphysema, suggested that im- 
pairment in the ability to transfer oxygen exists 
in this disease. Kjerulf-Jensen and Kruh¢ffer [37], 
measuring gas exchange with radioactive carbon 


AMERICAN JOURNAL OF MEDICINE 


66 
Test 
| 
145 163 135 186 136 
3.23 3.46 4.35 4.52 4.46 
83 81 >75 80 > 75 
2.42 2.3% <1.5 0.63 <1.5 
0.94 1.11 1.09 3) 
4.21 4.57 5.44 6.19 5.58 
22.4 24.2 20 21.1 20 
93.2 92.8 96 96.5 
73 72 91 
41 38 45 45 
25 45 <10 2 | 
27 27 <10 6 | 
7.45 7.42 7.34 
8.3 >15 Not calculated 
6.5 3.9 19 + 3 15.9 19 + 3 
[3.3 15.1 30 + 5 26.8 + 5 
19 24 > 50 > 50 
246 233 
3.70 4.21 <2.5 | “2:3 
12.6 9.8 31 +5 51 + 5 
17 16 35 55 
1075 1006 
3.98 3.60 2.9 2.5 


Diffusion Capacity of the Lung—Marks et al. 


monoxide and Bates et al. [25] both found reduc- 
tion in the Deo up to 50 per cent in severe pul- 
monary emphysema. However, it has been 
pointed out by Forster et al. [32] and others that, 
if there is disproportion between alveolar ventila- 
tion and pulmonary diffusion capacity in various 
parts of the lung the steady state technics may 
not be accurate. Since the interpretation of dif- 
fusion data in the presence of complicating 
emphysema is still controversial, it appeared 
warranted to exclude patients with known dis- 
tribution and obstructive defects from this study. 
Further, it was hoped that selection of patients 
with “‘pure”’ diffusion difficulties would permit 
study of the effects of hyperventilation on blood 
gas tensions in the absence of excessive venous 
admixture. From the clinical standpoint, the 
quantitation of the diffusion defect in severe 
emphysema is of little importance because meas- 
urements of mechanical disturbances and attend- 
ing ventilatory insufficiency correlate well with 
respiratory symptoms. 

Concerning methodology, the results by each 
of the three technics for estimation of diffusion 
capacity should be the same if the patients 
selected would have only a diffusion abnormality 
and if the measurements were technically per- 
fect. That this was not true is apparent from 
Table 1v and Figure 4. Consideration of the 
technical errors [8,75,33] and clinical and theo- 
retic limitations [6,27,32] of each method might 
clarify some of the discrepancies. 

From the technical standpoint of ease of per- 
formance, the single breath Deco method might be 
considered first. When the residual volume is 
known, this test requires only a few minutes and 
blood gas analyses are not needed. The alveolar 
sample is analyzed for CO and He by rapid 
physical methods. The infra-red CO meter in our 
hands has proved to be a most stable and satis- 
factory instrument. The He katharometer re- 
quires more care and the presence of CQ, in the 
gas must be corrected for, but, with frequent 
checks, reproducible results are usually obtained. 
The actual Deo values obtained by us with this 
method are in agreement with those of Forster 
et al. [9,27] and, in spite of the higher absolute 
figures, correlate well with the steady state Dco. 

Several clinical difficulties were encountered. 
The forced expiration followed by a rapid, maxi- 
mal inspiration with breath holding for ten 
seconds requires some training. Accurate timing 
of the period of breath holding is important 
because the Deco is expressed in cc. per minute 
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Fic. 7. Chest roentgenogram of subject J. V., a twenty- 
one year old Marine. This individual, whose functional 
data are shown in Table v, was not included in this study 
because all diffusion data were entirely within the normal 
range in spite of diffuse pulmonary involvement by roent- 
genogram. 


and thus a factor of 6 is involved; correction is 
difficult because the Dco decreases with increas- 
ing time of breath holding [9]. Timing starts 
with the beginning of inspiration, therefore the 
speed with which this effort is made must be 
considered [28]. We have attempted to minimize 
these errors by requiring duplicate determina- 
tions to check within 10 per cent. Although all 
patients in this group could hold their breath for 
ten seconds at rest, only a few could perform this 
maneuver during exercise. Comparison of this 
method with the others was therefore limited to 
resting conditions where the steady state vech- 
nics are least accurate. Another practical 
limitation of the single breath method is the 
need for a considerable gas sample. To obtain 
effective “alveolar” air at least 700 cc. are 
required to flush the dead space of the subject 
and apparatus plus another 400 cc. for the physi- 
cal gas analyses. Obviously, patients with severe 
“‘restrictive’’ ventilatory insufficiency and vital 
capacities below 1,100 cc. could not be examined 
by this technic. Of two patients with very low 
vital capacities in our series, one (No. 28) could 
not be studied by ‘this method and the other 
(No. 10) was the only one in whom the single 
breath Dco was lower than the steady state Dco, 
raising the question of the validity of the alveolar 
sampling in this instance. 
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From the theoretic standpoint there are 
several possibilities why the results by this 
method are consistently higher than for the 
steady state technics. Our findings agree with 
Forster et al. [9] in that the single breath Dco 
decreases with increasing length of breath hold- 
ing. This has been explained by postulating a 
number of ‘‘diffusion phases” for the lungs. We 
think it possible that the technic as described 
samples only the fastest ventilated and most 
rapidly perfused areas and thereby leads to a 
considerably higher diffusion capacity than that 
of the mean of the lungs. This effect should be 
more prominent in patients with pulmonary 
disease where there is considerable local varia- 
tion in the effectiveness of ventilation and per- 
fusion and should be less prominent in normal 
subjects in whom local performance is more 
nearly equal to mean performance. This was 
borne out by our clinical experience: in patients 
the average breath holding Deo was 140 per 
cent larger than the steady state Deo whereas in 
normal subjects it was only 55 per cent larger. 
Another factor might be that the lung volume at 
which diffusion occurs is maximal with the single 
breath while it is considerably lower, or ap- 
proximately functional residual volume plus 
one-half tidal volume, in the steady state meth- 
ods. It would appear plausible that the increased 
total alveolar volume would result in a greater 
interface for diffusion. Although Forster [34] 
has found no more than a 15 per cent variation 
in Deo with breath holding at different lung 
volumes we have observed differences of as 
much as 50 per cent. In the same normal sub- 
jects the single breath Deco decreases rapidly 
with less than maximal inspirations and ap- 
proaches the steady state Dco value with breath 
holding in the pulmonary resting position [35]. 
Additional study is needed to clarify this point. 
Other theoretic considerations of CO uptake 
have been reviewed in detail [7,9,32]. 

The steady state Deo method occupies an inter- 
mediate position with regard to ease of perform- 
ance and opportunity for technical error. The 
only required arterial blood analysis is for carbon 
dioxide tension. However, an error of 2 mm. 
in this determination may lead to an error of as 
much as 20 per cent in the calculated Dco [8], 
and the direct bubble method for this measure- 
ment is tedious and technically difficult. Fortu- 
nately, there are a number of checks which help 
maintain a reasonable degree of accuracy in this 
regard. The directly determined CO, tension 


can be compared with that calculated from the 
arterial pH and CO, content. In addition, the 
physiologic dead space can be calculated from 
the Bohr equation using the arterial and expired 
CO; tensions. The credibility of the dead space 
value reflects the accuracy of the tension deter- 
mination. This check is best with large tidal 
volumes during exercise when small changes in 
CO, tension cause relatively large changes in the 
calculated dead space [75]. The Deco is affected 
not only by errors in analysis of arterial CO, 
tension but also by errors in determination of the 
expired CO concentration. Accuracy 
more critical than with breath holding because 
the concentrations of CO to be measured are 
only one-third to one-fifth as large. The less CO 
is removed from the inspired gas the more accu- 
rate the analysis; therefore, errors are likely to 
be smaller in patients than in normal subjects 
and smaller during exercise than at rest. If a 
2 per cent error in expired CO analysis happens 
to coincide with an error in the opposite direc- 
tion of 2 mm. in the COs tension analysis the 
resting Dco in normal subjects may be 40 per 
cent in error [8]. 

The major theoretic objections to this method 
deal with its two basic assumptions: (1) ab- 
sence of an alveolar-arterial pressure gradient for 
CO, and (2) absence of a significant plasma CO 
tension. There is general agreement that the 
arterial and the mean alveolar CO, tensions are 
not appreciably different in normal 
jects [5,7,.33,36]. Venous admixture in normal 
amounts should cause no measurable change of 
CO, tension from the pulmonary capillaries to 
the peripheral arteries. The diffusibility of COs», 
which is twenty-one times greater than that of 
Oz», would make the normal gradient so small as 
to be immeasurable with present technics. It has 
been suggested, however, that the CO, equilibra- 
tion of end-capillary blood and alveolar gas 
may not be as complete in patients with diffuse 
pulmonary disease [33]. 

The validity of the assumption that the pul- 
monary capillary CO tension (‘‘back pressure’’) 
is negligible [7,70] has been questioned [8,9,32,37]. 
According to equation (1) a neglected back pres- 
sure of significant magnitude would result 
in an underestimation of the Deo. One cause for 
a pulmonary capillary CO tension is the slowness 
of the reaction of CO with the intracellular 
hemoglobin which permits accumulation of CO 
in plasma [37]. This should affect the results of 
the two Dco methods proportionally. Another 
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reason for a significant capillary CO tension 
may be a sufficiently large carbon monoxide 
hemoglobin (COHb) saturation to result in a 
measurable blood CO tension in equilibration 
with it. From the nomograms of Forbes et al. [38] 
the average increase in COHb, breathing 0.1 per 
cent CO for the period used in this procedure, 
would be about 2.4 per cent and from the data 
of Pace et al. [39] this estimate would be 1.1 per 
The latter authors estimate that COHb 
saturation in smokers is between 2 and 3 per 
cent. Accordingly, the total COHb saturation 
should be no more than 5 per cent at the end 
of the determination. The back pressure from 
such low concentrations of COHb should not 
produce a significant error in the results. From 
the clinical standpoint we have not been able to 
detect any significant difference in the deter- 
mined Deo in smoking and non-smoking nor- 
mal subjects nor have resting studies repeated at 
thirty minute intervals in normal subjects shown 
any progressive decrease in Deco. However, we 
have been able to demonstrate a considerable 
difference of initial COHb saturation between 
smokers and non-smokers. Also, from the seventh 
through the ninth minute of 0.1 per cent CO 
breathing we have found up to 8 per cent COHb 
saturations and much higher values during 
exercise. Furthermore, there has been no ap- 
preciable decrease of COHb saturation over the 
course of the next thirty minutes [35]. More 
detailed investigations of the magnitude of back 
pressure are being carried out currently. 

Clinically, the most important limitation of 
the steady state method is the required arterial 
cannulization. Possible means of circumventing 
this have been discussed [24,26]. 

The fraction CO removed (Feo) has been con- 
sidered an index of the effectiveness of diffu- 
sion [77]. Bates [77] found that young normal 
subjects at rest take up between 41 and 62 per 
cent of the carbon monoxide presented to the 
lungs and that this Feo decreases with increasing 
minute ventilation during exercise and, even 
more, during voluntary hyperventilation. We 
have calculated the Feo for the subjects com- 
prising this study to ascertain its clinical useful- 
ness in relation to the more complex procedures. 
The calculation was modified by using alveolar 
ventilation rather than total minute ventila- 
tion [8] because the physiologic dead space was 
known to us. In Figure 8 this modified Feo was 
compared to the steady state Dco to demonstrate 
the very significant correlation between these 
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two tests (r = —0.75, P < 0.01) in patients and 
normal subjects. The only normal subject who 
had an Foo of less than 50 per cent (Table rv), 
and fell within the patient range (Fig. 3), was J. K. 
He was also the only normal subject who hyper- 
ventilated at rest, with a nearly doubled minute 
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Fic. 8. The steady state carbon monoxide diffusion ca- 
pacity (Dco) plotted against the fraction of carbon mon- 
oxide removed (Fco) for fifteen normal subjects and for 
thirty-three patients with “alveolar-capillary block” syn- 
drome, all obtained with the subjects at rest. There was 
a good correlation (r = —0.75, P < 0.01). 


ventilation and a ventilation equivalent for Oz 
of 3.26 L./100 cc. (Table m1.) Since hyperventila- 
tion results in a lowering of the Feo, and since 
patients with alveolar-capillary block syndrome 
characteristically hyperventilate, it was thought 
possible that the Fco values obtained in this 
group may have been merely a reflection of the 
hyperventilation rather than the degree of im- 
paired diffusion. In Figure 9 the Fco was plotted 
against the “efficiency” of ventilation expressed 
in terms of the ventilation equivalent for Os. 
The Feo correlated equally well with the ven- 
tilation equivalent (r = —0.71, P < 0.01) and 
with the steady state Dco and therefore may be 
equally well a function of hyperventilation. 
Therefore, in patients with alveolar-capillary 
block the correlation between Fco and Deco is 
likely to be good. In subjects who hyperventilate 
voluntarily and in patients who hypoventilate 
because of ventilatory insufficiency but who also 
have diffusion difficulties the correlation may be 
expected to be poor. 

The direct determination of the Do, is fraught with 
more technical difficulties than any of the CO 
methods. Although we have had considerable 
experience with this method during the past five 
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years, we were able to measure the two-level 
A-a gradients in only twenty-eight of the thirty- 
three studies in this series and in only eighteen 
could the Do, be calculated. This method de- 
pends on the accuracy of the arterial O» tension 
determination, the most exacting of the blood 
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Fic. 9. The ventilation equivalent for Oz in liters/100 cc. 
plotted against the fraction of carbon monoxide removed 
(Foo), in per cent, for fifteen normal subjects and for 
thirty-three patients with “‘alveolar-capillary block’’ syn- 
drome, all at rest. There was a good correlation (r = 

—0.71, P < 0.01). The upper limit of normal for the 
ventilation equivalent of 2.5 L./100 cc. is indicated by 
the dotted horizontal line. 


gas analyses. Unlike the previously mentioned 
checks on the accuracy of the CO, tension, there 
is no means of checking the O, tension except by 
multiple analyses. During room air breathing the 
saturation falls on the flat portion of the O» 
dissociation curve and knowledge of Oz satura- 
tion and pH is of no help. The technical diffi- 
culties are doubled because of the repetition at 
the low O; level and also cause a delay before the 
second examination. It is likely that eventually 
polarographic methods for O» tension analy- 
sis [4,40] will greatly facilitate this measurement 
but in our hands the polarograph has never 
equalled the accuracy of the bubble technic. 

Clinical application of the procedure is diffi- 
cult because of the necessary prolonged arterial 
cannulization and because low oxygen breathing 
may be contraindicated in certain conditions. 
The simultaneously obtained estimate of the 
percentage of venous admixture is an advantage 
of this method (Case Nos. 22A and 22B, Table 
v) not shared by the CO technics. 

From the theoretic standpoint, the validity of 
the assumption that there is no CO: gradient is 
as important here as in the steady state Doo 


method since the arterial alveolar CO, tension is 
required for the calculation of the mean alveolar 
Oz, tension. In addition, the use of the Boh: 
integration procedure has been criticized on the 
basis that this calculation is applicable only if the 
thickness of the membrane is the same along the 
length of all the capillaries [37]. Another basic 
assumption is that the diffusion capacity is not 
altered by low O» breathing. Yet Cander and 
Forster [47], with the single breath Dco method, 
have found a pronounced increase of diffusion 
capacity by lowering the QO» concentration 
within the lungs. This was thought to reflect a 
change in the hemoglobin affinity for carbon 
monoxide. Bartels et al. [40] found average Do 
values of 17.0 cc./min./mm. Hg with room air 
breathing and of 24.2 cc. during hypoxia. The 
degree of hypoxia was not stated and, because an 
increase in cardiac output was noted, the results 
are not strictly comparable to those published 
by Donald et al. [77]. 

The clinical diagnosis of alveolar-capillary block 
syndrome can be made with considerable cer- 
tainty merely on the basis of an x-ray finding of 
diffuse, finely dispersed pulmonary parenchyma! 
lesions, regardless of etiology. Quantitative meas- 
ure of the pulmonary diffusion capacity con- 
firmed the diagnosis in forty-four of forty-six 
patients (96 per cent) in this and another 
series [24] who had roentgenographic findings as 
described. Considerable impairment of diffusion 
could be demonstrated in the absence of any sub- 
jective symptoms (Case Nos. 24 and 27) and 
dyspnea was not the chief complaint in 23 per 
cent of all patients. (Table 1.) Laboratory meas- 
urements of breathing capacities and lung 
volumes were of no help in confirming the 
diagnosis because they ranged all the way from 
normal to markedly abnormal (Table 1) and 
the degree of restrictive ventilatory insufficiency, 
if any, was not particularly related to the severity 
of the diffusion defect. This is an important con- 
sideration for disability evaluation of patients 
with respiratory complaints. Most conventional 
measurements of arterial blood were equally 
unrewarding. The arterial O2 saturation was 
often normal both at rest and during exercise [24] 
and even the arterial O» tension at times could 
be maintained within normal limits by increased 
alveolar ventilation. (Table mm.) Invariably, 
there was hyperventilation both at rest and 
during exercise [24] but, probably due to limita- 
tions of the accuracy of the analytic technics, 
this was not always borne out by elevation of 
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pH and reduction of COz tension of the arterial 
blood. (Table mm.) Short of diffusion capacity 
estimations, only three of the more conventional 
tests led to typically abnormal results: the ven- 
tilation equivalent for Oz» was elevated in all 
but one of our patients at rest (Table m1) and in 
all during exercise [24]; the fraction of carbon 
monoxide removed (Foo) was reduced in all 
patients at rest (Table rv) and exercise; and the 
alveolar-arterial oxygen tension difference (A-a 
gradient) breathing room air, whenever this 
was successfully determined, was invariably 
elevated. (Table 1v.) Unfortunately, the first 
two of these procedures are of little help 
clinically because equally abnormal values may 
be due to voluntary hyperventilation in the 
absence of pulmonary disease. This is not un- 
usual with tests requiring the use of a mouth- 
piece or mask, it is more common at rest than 
during activity, and is most frequent in various 
psychoneurotics and malingerers. It was not a 
problem in this study because the control group 
consisted of laboratory personnel who, with the 
exception of J. K., were well versed in the art of 
relaxed breathing in spite of mouthpieces, sur- 
rounding commotion, and various degrees of 
external respiratory obstruction. The universal 
finding of an elevated room air A-a gradient is of 
little help from the technical standpoint because, 
if all apparatus and technical know-how is 
available for this difficult determination, then 
it is only a small step further to repeat the pro- 
cedure during low-oxygen breathing for cal- 
culation of the Do,,. 

Obviously, the present plan of investigation 
involving diffusion capacity measurements by 
three different methods at rest and exercise 
cannot be advocated as a routine for screening 
when the clinical diagnosis of alveolar-capillary 
block is entertained. We heartily agree with 
Forster et al. [27] who commented on a similar 
but more limited project involving the staffs of 
two research laboratories: “It must be recog- 
nized that the determinations of diffusing 
capacity reported in this paper put considerable 
strain on the analytical techniques which were 
available.” 

Clearly, there was complete separation of 
normal subjects from patients with alveolar- 
capillary block by the steady state Dco technic 
but it must be noted that this test was our major 
physiologic criterion for inclusion of patients in 
this report. Were we able to say that all the pa- 
tients seen in our laboratory who had character- 
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istic roentgenograms also had demonstrable 
impairment of diffusion, then the diagnosis of 
the syndrome would be simplified. However, 
there were some who otherwise fulfilled the 
criteria but had no demonstrable diffusion de- 
fects (Subject J. V.). 

It appears theoretically and in practice that 
all three methods analyzed in this study repre- 
sent an estimate of diffusion capacity, albeit 
under different physiologic circumstances. There 
were six patients in our series with a single 
breath Dco within the normal range. On the 
other hand, there were none in whom this test 
gave low results in the presence of normal 
steady state diffusion capacities. The explanation 
for this must wait until the basic physiologic 
differences between the single breath and steady 
state methods have been clarified, and until 
normal values have been established for these 
methods in terms of age, sex, stature, and per- 
haps lung volume. 

Considering these technics as diagnostic tools, 
we believe that if the diagnosis of alveolar- 
capillary block is considered it can be confirmed 
by a low Deco with the simple and rapid single 
breath test. A normal Deo by this method, found 
in about one-fifth of our cases, although it sug- 
gests that the degree of diffusion impairment 
is not severe, does not rule out the diagnosis. 
Whether or not, under these circumstances, a 
steady state Dco or Do, should be obtained, will 
depend on available facilities, on the importance 
of calculating venous admixture, on the ad- 
visability of low-oxygen breathing, and on future 
developments towards simplification of either 
method. 


SUMMARY 


This clinical study was undertaken to compare 
the diffusion capacity of the lungs in man at rest 
measured by three different methods utilizing 
carbon monoxide (Deco) and by direct calcula- 
tion from two-level alveolar-arterial oxygen 
‘“‘sradients”’ (Do,); to establish normal values for 
the Dco methods; and to assess their clinical 
diagnostic value in patients with diffusion 
impairment. 

Thirty-three patients with alveolar-capillary 
block syndrome were selected on the basis of 
(1) diffuse, finely dispersed pulmonary lesions, 
(2) normal ventilatory function or dyspnea out 
of proportion to measured ventilatory impair- 
ment, (3) diminished diffusion capacity demon- 
strated by at least two methods, and (4) absence 
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of physiologic evidence of obstructive emphy- 
sema. Diagnoses of beryllium disease, sarcoidosis, 
chronic interstitial pneumonitis, silicosis, miliary 
tuberculosis, scleroderma and eosinophilic gran- 
uloma were made by lung or other tissue biopsy, 
on epidemiologic grounds or by bacteriologic 
study in twenty-four patients, and on clinical 
grounds alone in nine. 

Thirteen normal volunteers were studied as 
controls by the same methods to establish 
normal values for the Deco. 

Conventional tests consisted of ventilatory 
function studies including lung volumes, breath- 
ing Capacities, pulmonary mixing and spirom- 
etry; and respiratory studies including determi- 
nation of arterial and alveolar Oz tensions, 
arterial O2 saturation, COz2 tension, con- 
tent and pH all during ambient air and low- 
oxygen breathing. 

Diffusion studies included calculation of the 
Do, from the data obtained, determination of 
Dco by the steady state and single breath meth- 
ods, and calculation of the fraction of carbon 
monoxide removed (F¢o). 

The steady state Dco was 19.5 + 3.2 cc./ 
min./mm. Hg for normal subjects and for 
the patients averaged 7.0 cc. (range of 2.5 to 
13.1); there was no overlap between the two 
groups. The normal single breath Deco was 
30.2 + 4.6 cc./min./mm. Hg with a mean for 
the patients of 16.8 (range 4.7 to 28.1) and some 
overlap. The Fco was more than 50 per cent in 
all but one normal subject (mean 62 + 9) and 
less than 50 per cent in all but one patient 
(mean 31, range 13 to 50). In eighteen patients 
the mean Do, of 9.1 cc./min./mm. Hg compared 
well with the mean steady state Dco of 7.9 cc./ 
min./mm. Hg (corrected X 1.23 for the greater 
diffusibility of oxgyen) and there was good 
individual correlation (r = +0.67, P < 0.01). 

During exercise requiring about four times 
basal oxygen uptake the increase in the mean 
steady state Dco from 20 to 31 cc./min./mm. 
Hg in 11 normal subjects was about the same 
as the rise from 7.5 cc. to 15 cc. in twenty-one 
patients; all those who were able to exercise were 
also able to increase their Dco and the dis- 
crimination of the test was no better during 
exercise than at rest. 

The theoretic, technical and clinical problems 
in application of the Dco methods were dis- 
cussed. Both Dco methods were much more 
easily performed than the direct Do, method but 
only the steady state technic resulted in com- 


parable values. Further simplifications of the 
steady state method may be possible particularly 
in patients without obstructive emphysema. The 
single breath test may prove useful for screening 
studies and, if low, is indicative of impaired 
diffusion. If it is normal the diagnosis of alveolar- 
capillary block cannot be ruled out by present 
standards. 

An increasing number of patients are seen 
with dyspnea or disability out of proportion 
to the measured mechanical defects of ventila- 
tion. The diagnostic and medico-legal impor- 
tance of diffusion capacity measurements under 
these circumstances was stressed. 
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Effects of Venesection on Pulmonary 


and Cardiac Function in Patients 


with Chronic Pulmonary Emphysema 


and Secondary Polycythemia’ 


J. HowLanp AUCHINCLOss, JR., M.D. and JoHN J. DUGGAN, M.D. 


Syracuse, New York 


T has long been assumed that polycythemia in 
] chronically hypoxic patients with pul- 
monary emphysema is a compensatory phenom- 
enon. However when heart failure supervenes in 
emphysema, venesection has been an accepted 
therapeutic measure since the time of Sir 
Thomas Lewis.' More recently, Harvey, Ferrer 
and Cournand,’ as a result of clinical and 
physiological study of patients with cor pul- 
monale, have concluded that venesection is of 
value not only in the treatment of heart failure 
but also in the prevention of recurrence of failure 
after compensation has been restored. 

On the other hand, Howarth, McMichael and 
Sharpey-Schafer* have opposed venesection in 
patients with cor pulmonale associated with 
emphysema even in the presence of heart failure. 
Their stand is based in part on the reduction in 
cardiac output and in right auricular pressure 
found immediately after venesection. 

Hecht, Gaylor and Stein‘ measured oxygen 
saturation, pulmonary arterial pressure and 
other respiratory, circulatory and renal func- 
tions in eleven patients with cor pulmonale and 
emphysema before and after venesection and 
failed to find a uniform response. These authors 
concluded that venesection may improve sub- 
jective symptoms and lower blood viscosity but 
has no predictable effect on the vascular altera- 
tions of cor pulmonale. In an earlier study Lewis, 
Samuels, Daines and Hecht® had compared 
findings by similar technics in patients with cor 
pulmonale due to chronic pulmonary disease 
with and without secondary polycythemia. 
They had found a greater degree of arterial 


oxygen unsaturation and higher pulmonary 
artery pressure in the group in whom poly- 
cythemia had been corrected. From these two 
studies venesection does not emerge as a pro- 
cedure of demonstrated value. 

It appears, therefore, that no conclusion in 
regard to the effects of polycythemia in chronic 
pulmonary emphysema can be reached from the 
available data. It has, however, been demon- 
strated by Harvey, Ferrer and Cournand? that 
recurrence of heart failure is a rare event when 
such patients with cor pulmonale who have re- 
covered from an episode of failure are main- 
tained on a program which stresses the combined 
treatment of heart and lung disease in addition 
to the prevention of excessive polycythemia. The 
success of this program suggested to us the possi- 
bility that venesection might improve ventila- 
tory function and gas exchange as a result of 
reduced pulmonary blood volume and pul- 
monary arterial pressure. 


MATERIAL AND METHODS 


Eleven male patients hospitalized for chronic ob- 
structive pulmonary emphysema or its complications 
and found to have secondary polycythemia were 
studied before and after venesection. The clinical 
diagnosis was corroborated by the control studies of 
pulmonary function and blood volume. The patients 
are listed with blood volume and other data in Table 1. 
Two plans of study (A and B) were employed and 
since two of the patients (E. C. and R. B.) were 
included in both studies, these patients are listed 
twice. None of the patients was considered clinically 
to be in heart failure, with a single exception (I. V.). 
This patient, although still edematous, had been 


* From the Department of Medicine, State University of New York Upstate Medical Center at Syracuse, New York and 
the Syracuse University Hospital and the Veterans Administration Hospital, Syracuse, New York. 
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treated in the hospital for two and one-half weeks 
prior to the time of study and in this interval had lost 
40 pounds of edema and ascitic fluid with considerable 
improvement. Of the ten remaining patients one 
(J. A.) presented no clinical evidence of heart disease, 
and nine were thought to have chronic cor pulmonale 
on the basis of clinical, radiologic and electrocardio- 
graphic examination. 

Effect of a Series of Venesections on Pulmonary Function. 
Following completion of testing procedures to be de- 
scribed, a series of venesections was performed with 
ultimate removal of 1 to 3 L. of blood. During this 
period other medications were continued without 
change insofar as was possible. Venesections were dis- 
continued either when the hematocrit fell below 50 
per cent or after the removal of 2 to 3 L. of blood. 
The patients were then retested. In six subjects roent- 
genograms of comparable quality were obtained 
before and after treatment. 

Plasma volume was determined by the method of 
Gibson and Evans.*’ Vital capacity and expiratory 
reserve volume were determined spirometrically and 
inspiratory capacity was calculated from the difference 
of these values. Functional residual capacity was 
measured in five subjects by the open circuit method* 
and residual volume was then calculated. Total lung 
capacity and the ratio residual volume/total lung 
capacity X 100 was calculated in four of these pa- 
tients; in the fifth patient (W. C.) the determination 
of vital capacity following therapy was unfortunately 
omitted by oversight. Measurements of ventilation and 
gas exchange were performed according to the 
methods of Baldwin, Cournand and Richards’ and 
Riley, Cournand and Donald.'® In addition, similar 
measurements were made in three patients during 
steady state exercise on a motor-driven treadmill 
employing the same settings of speed and grade 
following therapy as had been found to be the greatest 
tolerated during the control study. In three patients 
during rest and in one patient during exercise in the 
steady state it was possible to perform two-level oxy- 
gen tension studies and thereby calculate the ratio of 
venous admixture to total pulmonary blood flow 
(Qva/Qt X 100) and diffusing capacity of the lung 
for oxygen (Do,). The graphic method of successive 
approximations described by Riley, Cournand and 
Donald*® was used for this purpose. 

Arterial blood oxygen content was determined by 
the method of Van Slyke and Neill'' and oxygen 
capacity was determined by similar analysis after fif- 
teen minutes of equilibration of blood with air. Fixed 
corrections of 0.2 volume per cent and 0.6 volume per 
cent, respectively, were applied to the values for oxy- 
gen content and capacity recorded in Table m. 
Arterial blood pH was measured on a Cambridge pH 
meter. Arterial oxygen tension (Pao,) was determined 
by the method of Riley, Proemmel and Franke;'* the 
arterial serum CO, content and CO; tension (Paco,) 
were calculated from the Henderson-Hasselbalch 
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equation, employing the line charts of Van Slyke and 
Sendroy.'* Analysis of expired air was determined in 
the Scholander analyzer.'* 

Acute Effect of a Single Venesection on Cardiac Output and 
Pulmonary Arterial Pressure. Four patients were studied 
during cardiac catheterization in the course of which 
0.5 to 1.0 L. of blood were removed. The catheter 
was placed in the right auricle (F. C.) or pulmonary 
artery (remaining three cases) according to the technic 
of Cournand, Baldwin and Himmelstein,’® and 
cardiac output was measured according to the Fick 
principle by the simultaneous determination of oxygen 
consumption and arteriovenous oxygen difference. 
Vascular systolic and diastolic pressures were deter- 
mined by electromanometers and mean pressures 
were determined by planimetric integration. Meas- 
urements of pressure and blood flow were made both 
before and fifteen to thirty minutes following vene- 
section. The symbols used follow the recommenda- 
tions of a group of American physiologists.'® 


RESULTS 


Effect of a Series of Venesections on Tests of Pulmo- 
nary Function. (Tables u to 1v). Table 1 shows 
that the mean values for all lung volumes meas- 
ured or calculated were greater after venesec- 
tion. Spirometrically determined values (in- 
spiratory capacity, expiratory reserve volume 
and vital capacity) showed small mean changes 
and the response was variable. In respect to 
functional residual capacity, residual volume 
and total lung capacity the post-therapy values 
were increased in all patients. In each of the 
five patients tested the increase in functional 
residual capacity was at least 100 cc. greater 
than the difference between the duplicate 
determinations either before or after treatment. 
Analysis of similar data obtained in this labora- 
tory in a larger series of emphysematous patients 
indicates that in 95 per cent of tests the values of 
residual volume and total lung capacity will not 
vary more than 250 cc. and 350 cc., respec- 
tively, during a single testing period. These 
values were exceeded by the increases in residual 
volume in three patients and by the increases in 
total lung capacity in two patients. However, 
the ratio residual volume/total lung capacity 
X 100 remained unchanged as did the maxi- 
mum ventilatory capacity and the index of 
intrapulmonary mixing. 

Total minute ventilation measured either at 
rest (Table m) or during exercise on the tread- 
mill"in the steady state (three subjects, values 
not recorded) showed no significant differences 
following treatment. During the”one minute of 
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standard exercise, however, three of the four 
patients tested increased their ventilation to 
higher levels following venesection. 

Tables m1 and tv list the findings of the arterial 
blood and gas exchange studies. Significant 
reductions in arterial oxygen content and 
capacity were found following venesection. The 
other observations indicate that with the possible 
exception of the resting diffusing capacity, which 
was apparently increased following phlebotomy 
in the three cases studied, there was no improve- 
ment in gas exchange for the group as a whole. 
There were, however, individual instances in 
which significant changes may have occurred. 
Resting Paco, fell 13 mm. Hg in one patient 
(E. Co., Table m). Another patient (F. S., 
Table mr) had a 5 per cent increase in resting 
arterial oxygen saturation and, although the 
saturation fell following the standard exercise 
test both prior to and after venesection, the 
exercise value following therapy increased from 
72 to 81 per cent. A third patient (E. C., 
Table tv) had a rather marked reduction in the 
elevated PeAo, — Pao, gradient at both high 
and low levels of oxygenation following vene- 
section. These findings suggest improved gas 
exchange, but since most of the reduction in the 
gradient was caused by a fall in Pe,Ao as a 
result of a reduction in alveolar ventilation, 
there was only a slight increase in the values for 
arterial oxygen saturation and tension. 

In six subjects roentgenograms of comparable 
quality were obtained shortly before and after 
the venesection period. In three subjects (E. Co., 
W. C. and A. S.) there was no change; in three 
subjects (F. S., G. L. and E. C.) transverse 
cardiac diameter decreased 1 cm. or more and 
the pulmonary vascular shadows diminished in 
density. 

Subjective improvement was noted in two sub- 
jects (F. S. and J. A.). These patients stated on 
questioning that breathing was slightly less 
laborious. The other patients appeared to be 
neither better nor worse as a result of phlebot- 
omy, although several felt weakened initially. 
This was thought to be related to the short time 
interval allowed for venesection. 

Acute Effect of Venesection on Cardiac Output and 
Pulmonary Artery Pressure. (Table V). In each of 
the four patients studied there was a fall of 
cardiac output following venesection of not less 
than 1 L. per minute if changes are computed 
from the average of the two control determina- 
tions. Since oxygen consumption did not change 


significantly for the group, this reduction re- 
sulted from an increased A-V difference, which 
in turn was the result of both a higher arterial 
and lower mixed venous blood oxygen concen- 
tration. Stroke volume was decreased following 
bleeding. Mean pulmonary arterial pressure 
fell 8 and 17 mm. Hg in two patients and rose 
3 mm. Hg in the remaining subject. In contrast 
to the previous study, a 4 to 10 per cent rise in 
arterial oxygen saturation was noted in all four 
patients. 

The procedure was well tolerated except in 
one case. This patient (H. S.) developed a 
shock-like state after 1,000 cc. of blood were 
removed. Recovery was uneventful. 


COMMENTS 


From these studies it is evident that venesec- 
tion in the emphysematous subject suffering 
from chronic arterial hypoxia and secondary 
polycythemia may be followed by an increase 
in the total lung capacity or its subdivisions. 
Increases in the functional residual capacity and 
residual volume appear to be the most consistent 
changes; it is likely that these increases are 
caused primarily by a decrease in intrathoracic 
blood volume. Glaser and McMichael'’ found 
increases in vital and total lung capacities in a 
group of normal subjects studied before and 
after blood donations of 360 cc. In some of our 
patients a reduction in intrathoracic blood vol- 
ume is also suggested by decrease in caliber of 
the pulmonary vessels and reduced heart size 
on x-ray and by the acute fall in pulmonary 
artery pressure. Changes in the resistance of the 
airway to the flow of gases are here considered 
to be improbable in the absence of any sig- 
nificant change in the maximum ventilatory 
capacity. 

Despite these alterations in the volume of 
blood and gas in the lungs, there is little evidence 
in our studies to suggest that either the reduced 
alveolar ventilation or the uneven distribution of 
ventilation and blood flow to pulmonary alveoli 
characteristic of this stage of emphysema is 
appreciably altered. Following a single venesec- 
tion there may be an immediate rise in arterial 
oxygen saturation. This may be the result of a 
temporary increase in ventilation as observed 
in the two patients, R. B. and F. C. (Table v). 
However since a rise in oxygen saturation also 
occurred in the other two subjects in whom total 
ventilation fell or rose only slightly, it is also 
possible that the acute reduction of pulmonary 
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blood volume may cause a more favorable dis- 
tribution of capillary blood flow in the lungs. 
In any event this acute rise in oxygen saturation 
is apparently not sustained as judged by later 
studies. One patient (F. 8.) who had the greatest 
increase in lung volumes and in arterial oxygen 
saturation at rest and after exercise appears as 
a possible exception. An increase in oxygen 
diffusing capacity at rest was found in three 
subjects but is of uncertain significance in view 
of the small number of patients studied and the 
many sources of error to which this measurement 
is subject. 

It is unlikely on theoretic grounds that the 
fall in blood oxygen capacity produced by vene- 
section leads to significant lowering of tissue 
oxygen tension. This conclusion is based on the 
calculations of several groups of investigators, *—*° 
who have demonstrated that in man under con- 
ditions causing arterial hypoxia an appreciable 
elevation of blood oxygen capacity results in 
only a small increment in the mean systemic 
capillary oxygen tension. 

It is evident, however, from the earlier work 
of Howarth, McMichael and Sharpey-Schafer® 
and from the present study that venesection 
may result in important changes in the circula- 
tion with immediate reduction in right auricular 
pressure,’ cardiac output and pulmonary artery 
pressure. At the present time it is not clear 
whether or not these early effects are sustained. 
Lewis, Samuels, Daines and Hecht’ found 
higher values for both pulmonary artery pres- 
sure and cardiac output in emphysematous 
subjects without polycythemia than were present 
in a different but comparable group in whom 
polycythemia was present. Serial studies in four 
subjects by Taquini and Fernandez*' suggest 
the possibility that the cardiac output may rise 
in a compensatory response after a reduction in 
blood oxygen capacity and content. 

From these considerations venesection of pa- 
tients with emphysema and secondary poly- 
cythemia emerges as a procedure which initially 
may be followed by a rise in arterial oxygen 
saturation but otherwise has no predictable or 
considerable effects on dynamic pulmonary 
function in general and on the arterial blood 
gas tensions in particular. Its quantitative effect 
per se on tissue oxygen tension as estimated 
theoretically is probably small. Its value prob- 
ably lies in the reduction of cardiac output, 
right auricular pressure and pulmonary artery 
pressure which can be shown to occur acutely. 


JANUARY, 1957 


The duration of these reductions is not known 
but the concomitant reduction of right ven- 
tricular work may be of therapeutic impor- 
tance. The experience of Harvey, Ferrer and 
Cournand? in the treatment and prevention of 
right heart failure in a large group of patients 
with cor pulmonale suggests that venesection 
may be useful as an adjunct to other forms of 
therapy. Our own experience indicates that 
while this may be true, the patient in right 
heart failure usually makes a satisfactory recov- 
ery without venesection as long as close attention 
is given to the other aspects of treatment. 


SUMMARY 


The effect of venesection on pulmonary and 
cardiac function was studied in eleven male 
patients with chronic pulmonary emphysema 
and secondary polycythemia. While no uniform 
changes occurred when tests of dynamic pul- 
monary function were repeated after a series of 
venesections, it was shown that arterial oxygen 
saturation rose rapidly in four subjects in whom 
cardiac output fell and that pulmonary artery 
pressure fell in two of three subjects tested. It is 
concluded that while venesection may reduce 
intrathoracic blood volume, this effect does not 
usually result in improved ventilatory per- 
formance, increased alveolar ventilation or sus- 
tained improvement in ventilation-perfusion 
relationships. Venesection, however, does have 
appreciable effects on the pulmonary circulation 
as described. It is not clear whether or not these 
effects are sustained and the value of the proce- 
dure is not established by this study. 


Acknowledgment: We wish to thank Miss 
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Hydrothorax in Congestive Heart Failure’ 


GEORGE A. RACE, M.D., CHARLES H. SCHEIFLEY, M.D. and JEssE E. EDWARDs, M.D. 


Rochester, Minnesota 


HE problem of the etiology of pleural effu- 
“Dae and of the factors determining the side 
of its occurrence in patients with congestive heart 
failure has been a source of interest to physicians 
for many years. It was noted early that when 
pleural effusions associated with congestive heart 
failure occurred unilaterally, they appeared 
predominantly on the right side. A considerable 
amount of literature has been accumulated re- 
attesting this finding and offering a variety of 
explanations for this phenomenon. 

It was noted that the majority of reports con- 
cerned with this subject dealt with data derived 
from clinical material, necropsy findings or 
roentgenologic findings. Other reports combined 
the results from any two or all three of these 
sources of information. A review of the literature 
has not revealed any report dealing with 
hydrothorax in congestive heart failure based on 
a significantly large number of consecutive cases 
with necropsy examination. 


MATERIAL AND METHODS 


During the years 1948 through 1953, necropsy was 
performed at the Mayo Clinic in 402 cases in which 
congestive heart failure was indicated as either a 
major or a minor aspect of the patient’s final illness. 
The clinical records were reviewed for data regarding 
age, sex, confirmation of the diagnosis of congestive 
heart failure, determination of the presence or absence 
of cardiac arrhythmia, and to establish the basic 
cardiac disease underlying the failure. Records of 
findings at necropsy likewise were reviewed for con- 
firmation of the diagnosis of congestive heart failure, 
the presence or absence of hydrothorax, the presence 
of pulmonary infarction, pneumonia, pulmonary 
edema and the type of heart disease. 

When hydrothorax was present, it was first as- 
certained that neither pleural space was completely 
obliterated by adhesions. Were such a condition pres- 
ent, it would negate any comparison of the relative 
incidence of left and right hydrothorax. Cases in which 
one pleural space was obliterated by adhesions were 
discarded from the study. Cases also were eliminated 


from the study if the amount of fluid in patients with 
unilateral hydrothorax was less than 250 cc. or if, in 
patients with bilateral hydrothorax, the side contain- 
ing the greater quantity of fluid contained less than 
250 cc. A minimal requirement of 250 cc. of fluid 
seemed to be one satisfactory way of distinguishing 
between patients having hydrothorax with a signifi- 
cant amount of fluid resulting from cardiac failure and 
those in whom a small amount of pleural fluid may 
have been the result of agonal accumulation. A total 
of 290 cases remained for study. 

The quantities of fluid in each pleural space were 
recorded and the cases accordingly were divided into 
the following three categories based on the features 
of hydrothorax: (1) bilateral, (2) unilateral right- 
sided, and (3) unilateral left-sided. The total quanti- 
ties of fluid found in each pleural space in the 290 
patients were determined and from these figures the 
grand average amount of pleural effusion for the right 
and left thoracic cavities of the 290 patients was 
obtained. 

The patients were divided into six categories ac- 
cording to the type of heart disease. The categories 
and the number of patients in each are as follows: 
(1) coronary artery disease with or without hyper- 
tension—one hundred forty-seven patients; (2) hyper- 
tensive heart disease—forty-eight patients; (3) mitral 
valve disease with or without aortic valve disease— 
thirty-two patients; (4) isolated aortic valve disease— 
twenty-five patients; (5) myocardial hypertrophy of 
unknown etiology—fourteen patients, and (6) a 
miscellaneous group comprised primarily of patients 
with congenital heart disease or cor pulmonale or 
both—twenty-four patients. 


RESULTS 


The ages of the one hundred twenty females 
ranged from fourteen to ninety years, the aver- 
age age being 62.5 years. The youngest of the 
one hundred seventy males was one month of 
age, the oldest ninety-four years and the average 
age was 59.8 years. 

Of the two hundred ninety patients, twenty- 
four (8.3 per cent) had unilateral right-sided 
hydrothorax, eleven (3.8 per cent) had uni- 
lateral left-sided hydrothorax, and two hundred 


* From the Sections of Medicine and of Pathologic Anatomy, Mayo Clinic and Mayo Foundation Rochester, Minn. 
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TABLE I 
INCIDENCE AND SIDE OF HYDROTHORAX AND INCIDENCE OF AURICULAR FIBRILLATION AND TYPE OF HEART 
FAILURE IN PATIENTS WITH HYDROTHORAX OF CONGESTIVE HEART FAILURE ACCORDING TO THE 
CATEGORY OF CARDIAC DISEASE 


Categories of Cardiac Disease 


Mitral 
Valve 
Disease 
(with or 
without 
aortic 


Coronary 
Artery 
Disease 
(with or 
without 


Total 
| No. of 
| Patients | 


Myocardial 
Hyper- 
trophy 

(etiology 
unknown) 


Isolated 
Aortic 
Valve 

Disease 


Hyper- 
tensive 
Heart 
Disease 


Miscel- 


laneous 


hyper- 
tension) 


Side of pleural effusion: 
Right-sided only 
Left-sided only 
Bilateral 


Patients with fibrillation: 
Number of patients 
Per cent of total 


valve 
disease) 


fifty-five (87.9 per cent) had bilateral pleural 
effusion. (Table 1.) The average quantity of 
fluid found in the right hemithorax of all pa- 
tients in the study was 1,084 cc. The average 
quantity of pleural fluid in the left thoracic 
cavity was 913 cc. These two figures represent 
a ratio of 1.18:1. 

Among the two hundred ninety patients with 
pleural effusion, sixty patients had an associated 
pulmonary infarction. (Table u.) Among the 
sixty patients with pulmonary infarction, seven 
had right-sided effusion only. In four of these 
seven patients the pulmonary infarct was cor- 
respondingly on the right side, and in two, bi- 
lateral infarction was present. Only one of the 
seven patients had contralateral pulmonary 
effusion and infarction. Of the four patients with 
unilateral left-sided effusion, one had a pulmo- 
nary infarct on the left side and two others had 
bilateral pulmonary infarcts. In the fourth 
patient, left hydrothorax was associated with a 
pulmonary infarct on the right side. 

The relationship between auricular fibrillation 
and the side of the pleural effusion was investi- 


gated. (Table u.) Among the twenty-four pa- 
tients with unilateral right-sided pleural effusion, 
one (4.2 per cent) had auricular fibrillation 
Four of eleven patients (36.4 per cent) with 
unilateral left-sided pleural effusion had auric- 
ular fibrillation. Among the two hundred fifty- 
five patients with bilateral pleural effusions, 
fifty (19.6 per cent) had auricular fibrillation. 

Among the 290 patients of this study, 17 
(61.0 per cent) showed pathologic evidence of 
pulmonary edema while the remaining 113 did 
not. (Table nm.) Of the twenty-four with uni- 
lateral right-sided pleural effusion, fifteen (62.5 
per cent) had pulmonary edema; all eleven 
patients (100 per cent) with unilateral left-sided 
hydrothorax and 151 of 255 (59.2 per cent) with 
bilateral hydrothorax also had pulmonary 
edema. 

Fifty-nine patients showed evidence of bron- 
chopneumonia. (Table 11.) In twelve patients the 
pneumonia was limited to the right lung, in ten 
to the left lung; both lungs were involved in 
thirty-seven patients. Of the four patients with 
unilateral right-sided hydrothorax who had 
pneumonia, three had pneumonia involving 
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TABLE II 


INCIDENCE OF 


TYPE OF HEART FAILURE, PNEUMONIA, PULMONARY INFARCTION AND AURICULAR 


FIBRILLATION IN PATIENTS WITH HYDROTHORAX OF CONGESTIVE HEART FAILURE, ACCORDING 
TO THE SIDE OF HYDROTHORAX 


Number of Patients with Conditions Associated with Hydrothorax 


Heart Failure 


(type) 


Total 
No. of 
Patients 


Side of Hydrothorax 


Left and | 


Right Right 


Right-sided only... . 15 
Left-sided only 11 
Bilateral 


Subtotal 


Grand total 


Pneumonia 


Right 


Pulmonary Infarction 


Auricular 
Fibrillation 


Left and | ,.. 


Left | Right 


the right lung. In the one patient with unilateral 
left-sided hydrothorax and pneumonia, the 
pneumonia involved both lungs. There were 
fifty-four instances of pneumonia among the 
patients with bilateral hydrothorax and among 
these, thirty-four had bilateral pneumonia. 

The ratios of patients among the various 
categories of heart disease who had hydrothorax 
without pulmonary edema on the one hand and 
those who had hydrothorax with pulmonary 
edema on the other hand were similar. (Table 
1.) Thus, among those with coronary artery 
disease this ratio was 1:1.7, among those with 
hypertensive heart disease, 1:2.2 and among 
those with aortic valve disease, 1:1.8. This ratio 
was reversed only among the patients with 
mitral valve disease, being 1.1:1. 


REVIEW OF LITERATURE 


For many years the common concept has been 
that the pleural effusion of congestive heart 
failure is primarily on the right side. A familiar 
dictum used to be that if a patient had unilateral 
left-sided effusion, some cause other than heart 
failure might be responsible. 

Attractive theories have been propounded to 
explain the alleged preponderance of right 
hydrothorax in congestive failure. Damming 
back of blood in the right pulmonary vein by 
a dilated right auricle was thought to be one 
mechanism.' Dock? noted that the center of the 
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right lung lies nearly 10 cm. below the left ven- 
tricle when the patient is in the right lateral 
recumbent position and the center of the left 
lung is only 2 to 5 cm. below the left ventricle 
when the patient is in the left lateral position. 
Cruchet and Lautier*® attached significance to 
the preponderance of pulmonary emboli in the 
right lung. Many clinical observations*~’ sup- 
ported several of these theories. However, Bed- 
ford and Lovibond® from clinical and necropsy 
data questioned the predominance of right 
hydrothorax. West® believed that pleural effu- 
sions, with few exceptions, were bilateral, ascrib- 
ing unilateral effusions to some local disease 
which pinched the large vessels at the root of the 
lung. 

Two basic theories have developed regarding 
the pathogenesis of pleural effusion: One is based 
on the assumption that a mechanical obstruction 
prevents the return of blood to the heart, with 
resulting transudation of fluid into the pleural 
spaces. The other theory assumes that the hydro- 
thorax is based on a reaction of the pleura to an 
inflammatory condition of one or many of the 
organs that come into contact with the pleura. 

Bacelli’® is traditionally quoted as the first 
author to express an opinion on the etiology of 
hydrothorax. He suggested in 1864 that the azy- 
gos vein was constricted by being stretched by 
the downward traction of the right heart and 
then compressed against the right pulmonary 
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hilum; others concurred with his concept.'!!” 
Various other causes for compression of the azy- 
gos vein also were suggested such as back pres- 
sure from superior vena caval stasis,'*~'® 
dilatation of the right atrium,'*—'* enlargement 
of both right chambers,”° dilatation of a branch 
of the pulmonary trunk?! and pressure by the 
thoracic aorta.” These concepts have been chal- 
lenged':!*:?8 on the basis of anatomic, clinical and 
necropsy findings. 

Esser’ and believed that lym- 
phatic obstruction plus congestion of the pul- 
monary venous system was an important factor 
in the formation of pleural effusion. Warren and 
Stead,?’ however, reasoned that, if this theory 
were correct, lymphatic obstruction would 
result in a high concentration of protein in the 
edema fluid. They found that the protein values 
actually were low. 

A later concept that pleural effusion arises not 
from the parietal but from the visceral pleura 
was introduced by Fetterolf and Landis,! and 
subscribed to by others.** They suggested that 
compressive action of right and left auricles on 
the pulmonary veins caused right and left pleural 
effusion. 

An increased negativity of intrathoracic pres- 
sure was postulated by some**:**—*! to be the fac- 
tor in drawing fluid from an edematous pleural 
surface. But others** disagreed with this theory, 
and Laha** proved by measurements that nega- 
tivity is decreased in the inspiratory and 
expiratory intrapleural pressures in congestive 
heart failure. 

Drinker*® subscribed to the theory of increased 
negativity of intrapleural pressure in congestive 
failure. He believed an added factor in the pro- 
duction of the pleural effusion was the anoxia 
associated with the failure which caused an in- 
creased capillary permeability of the lungs. 
Yamada* performed thoracentesis on several 
hundred healthy Japanese soldiers and obtained 
pleural fluid in 29 per cent. As a rule the amount 
of fluid was small, varying from a few foam 
bubbles to a few cubic centimeters and rarely 
more than 20 cc. After these men had performed 
strenuous physical activity, thereby, according to 
Yamada, introducing an element of anoxia, 
pleural fluid was aspirated from 70 per cent of 
the same group. 

Because hydrothorax is found in the same 
conditions as pulmonary edema (that is, left 
heart failure, combined left and right failure 
and mitral stenosis) and is absent or late in 


pure right heart failure in which the lungs are 
spared, pulmonary engorgement was con- 
sidered to be the essential factor in the produc- 
tion of hydrothorax.*:** Casassa!4 and 
added corroborative evidence for this theory. 
However, neither Casassa nor Bedford and 
Lovibond® had any specific data derived from 
their own studies with regard to the incidence 
of pulmonary edema in hydrothorax of conges- 
tive failure. Casassa quoted Mouly’s work** 
wherein the latter found that 
acute’? pulmonary edema preceded hydrothorax 
associated with congestive heart failure in every 
one of 100 cases. 

The theory that inflammation is a causative 
factor embraces many different mechanisms 
which have in common an inflammatory process 
in the pleura or one of the adjacent organs. 
Influenza, grippe or pneumonitis,*’ sclerotic 
thrombosis of small lobular arteries,***° an in- 
flammatory process in the wall of the aorta,'’:*°: 
41.42 pulmonary edema,** pneumonia,‘ peri- 
carditis,*® and a pulmonary, 
subcortical or pleural embolus‘ ******** have 
all been suggested as etiologic factors for the 
hydrothorax of congestive heart failure. Some 
authors,”*:°° however, denied the importance of 
perihepatitis in this association and others®'~°* 
attempted to disprove the relationship of hydro- 
thorax and pulmonary infarction. 

Casassa"‘ pointed out that if hydrothorax is on 
an inflammatory basis, the pleural fluid will be 
high in protein content and if the hydrothorax 
is on a mechanical basis, it will be correspond- 
ingly low in protein content. The finding of 
low values for protein in the edema fluid by 
Warren and Stead?’ has already been men- 
tioned. Bedford and Lovibond* examined fifty 
samples of pleural fluid from twenty-seven pa- 
tients and found that although the specific 
gravity and protein content in cases of hydro- 
thorax were lower than in a typical effusion 
caused by inflammation, there was considerable 
overlapping. They felt that some degree of 
reaction to inflammation was inevitable since 
the pleural fluid was in contact with a chronically 
congested lung. 

Another series of contradictions exists in the 
literature with regard to the relationship be- 
tween the distribution of hydrothorax and the 
tvpe of underlying heart disease. For example 
Barié‘* stated that pleural effusion occurs more 
often in mitral heart disease than in aortic heart 
disease whereas Famulari”’ claimed the opposite. 


‘acute or sub- 
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Bedford and Lovibond® concluded from their 
findings that congestive failure associated with 
hypertensive heart disease favored a left hydro- 
thorax whereas in rheumatic heart disease, 
associated mainly with mitral stenosis, right 
hydrothorax is three times as frequent as left 
hydrothorax. 

Noting the increased frequency with which 
auricular fibrillation occurred in patients with 
rheumatic heart disease, and thus mainly in 
mitral valve disease, Bedford and Lovibond® 
pointed to the association of isolated right 
hydrothorax with this arrhythmia. In their 
series, right hydrothorax occurred almost twice 
as often with auricular fibrillation as with a 
normal rhythm. 

Both Casassa'* and Bedford and Lovibond® 
stressed the preponderance of unilateral left 
hydrothorax in pure left ventricular failure 
(twelve of seventeen patients according to 
Casassa). The latter also found that bilateral 
hydrothorax was more dominant in patients 
with both left and right heart failure (forty-six 
of forty-eight patients or 96 per cent). 


COMMENT 


In the present study of unilateral effusions the 
ratio of right effusions to left effusions was 
slightly more than 2:1; twenty-four patients had 
effusion of the right pleural space and eleven 
patients had effusion of the left pleural space. 
The total series, however, showed that 279 pa- 
tients had fluid in the right pleural space 
and 266 had fluid in the left pleural space, so 
that, although the traditional predominance of 
right over left hydrothorax is preserved, the 
difference is much less striking than has been 
formerly emphasized. 

Concerning the various theories on the 
etiology of hydrothorax our material, based on 
necropsy findings, could not be used to assess the 
theories based on anoxia of pulmonary tissue and 
increased negativity of intrathoracic pressure. 
We believe that the theory of compression of 
the azygos vein has been satisfactorily refuted. 

Experimental evidence®* has shown that the 
maintenance of pleural effusion is a remarkably 
dynamic process. By the use of water labeled 
with deuterium oxide it has been found that the 
total volume of the pleural effusion in a patient 
whose congestive failure was on the basis of 
hypertensive heart disease was completely re- 
placed within an hour. In other words, stagna- 
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tion of pleural fluid did not occur, the fluid was 
in circulation constantly. Lymphatic obstruction 
alone could not account for an actively forming 
and reforming effusion. 

In the present study pulmonary edema was 
found to be present, both grossly and micro- 
scopically, in 177 of 290 patients (61 per cent) 
with hydrothorax on the basis of congestive fail- 
ure. It would seem logical to assume that if 
hydrothorax were secondary to pulmonary 
edema, an overwhelming percentage of patients 
would have pulmonary edema. Certainly the fig- 
ure 61 per cent is significant and suggests that 
the presence of pulmonary edema might have 
some bearing on the production of hydrothorax, 
but its absence in 39 per cent of the patients 
would discourage the belief that it is the only 
explanation for the development of hydrothorax. 

We were not able to find a consistent correla- 
tion between the presence of pleural effusion and 
of various inflammatory processes which might 
conceivably irritate the pleura to the extent that 
it would cause pleural effusion. 

In the present study either gross or microscopic 
evidence of pneumonia was found in fifty-nine 
patients and was thus absent in 231 patients. 
(Table u.) Among these fifty-nine patients little 
or no correlation existed between the side of the 
pleural effusion and that of the pneumonia. In 
twenty-one instances pleural effusion was asso- 
ciated with unilateral, contralateral pneumonia. 
(Table 1.) But since pneumonia was present on 
the same side as pleural effusion in only thirty- 
eight of two hundred ninety patients, it is 
apparent that the theory of pneumonic infection 
as the basis for the pleural effusion of congestive 
heart failure is not tenable. 

In the present study changes in the liver, 
which could be interpreted as representing 
perihepatitis, were observed in four instances 
and pericarditis occurred in seven patients. 

In twenty-four of the sixty patients who had 
associated pulmonary infarction (Table m) 
hydrothorax was contralateral to a unilateral 
pulmonary infarct. There was a positive corre- 
lation between the side of the pulmonary infarct 
and the side of the pleural effusion in thirty-six 
patients. 

In the present study four patients with hyper- 
tensive heart disease had unilateral right-sided 
effusion and two had unilateral left-sided effu- 
sion. (Table 1.) Forty-two patients had bilateral 
effusion. Among the patients with mitral valve 
disease, three had effusion on the left side, three 
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had effusion on the right side and twenty-six 
had bilateral effusion. It can be seen from these 
data as well as from the corresponding figures for 
other types of heart disease (Table 1) that left 
hydrothorax does not predominate over right 
hydrothorax in any one type of heart disease. In 
addition, contrary to the findings of others, in 
our series we found a greater preponderance of 
pleural effusion on the right side in patients with 
coronary artery disease and hypertensive heart 
disease. 

Our findings showed that 44 per cent of the 
patients with mitral valve disease had auricular 
fibrillation, whereas the incidence of fibrillation 
in the other categories of heart disease varied 
from 13 to 21 per cent. (Table 1.) Nevertheless, 
of twenty-four patients with unilateral right- 
sided hydrothorax only one was associated with 
auricular fibrillation, whereas this cardiac 
arrhythmia was present in four of eleven patients 
with unilateral left-sided hydrothorax. 

Among the eleven patients with unilateral 
left-sided hydrothorax, none had the pleural 
effusion alone; all eleven had combined pleural 
effusion and pulmonary edema. (Table u.) 
Considering the twenty-four patients who had 
unilateral right-sided hydrothorax, nine (37.5 
per cent) had pleural effusion without pul- 
monary edema and fifteen (62.5 per cent) had 
pleural effusion and pulmonary edema. Of 255 
patients with bilateral pleural fluid, 151 (59.2 
per cent) had combined left and _ right 
failure. 

From our data we are unable to identify any 
one predominating factor as the cause of pleural 
effusion on the basis of congestive heart 
failure. 

Goldman and Bassett,®® in a study of two 
patients with congestive heart failure, produced 
peripheral edema in both patients by sup- 
plementing the diet with sodium before an 
elevation of the brachial venous pressure was 
demonstrable. 

It is difficult to compare data derived from 
necropsy material with that derived from clinical 
material. As Bedford and Lovibond® have 
pointed out, the incidence of bilateral hydro- 
thorax is much higher in the necropsy room than 
it is in the ward. There are two possible explana- 
tions for this discrepancy. First, it is possible 
that hydrothorax begins on one side and when 
the patient is examined, this primary manifesta- 
tion of heart failure is seen. With treatment, the 
effusion may disappear. With inadequate re- 


sponse to treatment the effusion may become 
bilateral terminally, and is recognized as such 
only at necropsy. Lack of technics for the detec- 
tion of small amounts of effusion or the difficulty 
in identifying loculated effusions may also 
account for the clinical preponderance of uni- 
lateral hydrothorax. 

Furthermore, it is of questionable value to 
compare our data with the five series reported in 
the literature, which were based wholly or in 
part on necropsy material. In the patients 
studied by Steele,'* three had obliteration of one 
pleural space. In the series of Bedford and 
Lovibond,* hydrothorax was interpreted as 
representing 300 cc. or more of fluid. Neither 
author observed the criterion of the other, how- 
ever, and in the three other series’***’ neither 
of these criteria was used. As mentioned earlier, 
we believe it is impossible to assess the signifi- 
cance of hydrothorax when the opposite pleural 
space is obliterated. We do not believe, as stated 
previously, that quantities of fluid of less than 
250 cc. are of particular significance (1) because 
of the difficulty of measurement and (2) because 
any amount less than 250 cc. may represent 
transudation of fluid secondary to an agonal 
state. 

We eliminated 102 patients on the basis of 
these two criteria. In forty-two instances one 
pleural space was completely obliterated by 
adhesions, and in seventy-one instances hydro- 
thorax was present but the amount of fluid was 
less than 250 cc. In eleven patients, both of these 
conditions existed. 


SUMMARY 


At autopsy, of 290 patients with hydro- 
thorax due to congestive heart failure, twenty- 
four had unilateral right-sided hydrothorax, 
eleven had unilateral left-sided hydrothorax 
and 255 had bilateral hydrothorax. Thus, the 
incidence of right and left hydrothorax was 
approximately equal as 279 of the 290 patients 
had right-sided hydrothorax and 266 patients 
had left-sided hydrothorax. 

In every category of heart disease except 
mitral heart disease, combined left and right 
failure predominated over right failure only. In 
our series auricular fibrillation was more com- 
monly associated with unilateral left-sided 
hydrothorax than with unilateral right-sided 
hydrothorax. 
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Percentage-wise, pulmonary edema was more 
frequently encountered among those patients 
with unilateral pleural effusion on the left side 
than among those with unilateral pleural effu- 
sion on the right side. 
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The C-Reactive Protein Determination as an 


Index of Myocardial Necrosis in Coronary 


Artery Disease’ 


IrvinGc G. Kroop, m.p. and NATHAN H. SHACKMAN, M.D. 
Brooklyn, New York 


HE C-reactive protein is an abnormal serum 

globulin which is formed by the body in 
response to infection, tissue necrosis and 
neoplasia.'‘~’ It is called C-reactive protein 
because it forms a precipitate with the somatic 
C-polysaccharide of the pneumococcus.' Pre- 
vious studies have shown that a positive test for 
C-reactive protein is a non-specific but sensitive 
indicator of inflammation of infectious or non- 
infectious origin.*~* 

Other investigators and the authors have 
found the test to be a reliable index of myo- 
cardial inflammation in rheumatic fever.*~'° 
Recently our preliminary studies have shown 
that serum C-reactive protein may also serve as 
an index of myocardial necrosis and inflamma- 
tion in coronary artery disease.''~'* The obser- 
vations reported in this paper confirm our 
previous studies and indicate that the positive 
C-reactive protein test is a valuable aid in 
establishing the presence of significant myo- 
cardial necrosis in symptomatic coronary artery 
disease. 


MATERIAL AND METHODS 


One hundred patients with coronary artery disease 
were selected for this study. This number is but a frac- 
tion of the hundreds of patients whose serums were 
tested since 1954, when the C-reactive protein deter- 
mination was first applied by the authors to detect 
myocardial necrosis.'! There were fifty-five patients 
without Q waves in the electrocardiogram who may 
be designated as having suffered from coronary in- 
sufficiency" or coronary failure! as distinct from typi- 
cal transmural infarction. Six of these fifty-five patients 
had gastrointestinal disease which complicated the 
clinical picture. There were thirty-four patients with 


typical transmural infarction and Q waves in the 
electrocardiogram and five patients in the premonitory 
phase of such infarction. Six patients with old trans- 
mural infarction and a positive C-reactive protein test 
were also included. 

A patient was considered to have myocardial necro- 
sis when the clinical picture included such features as 
fever, leukocytosis, elevated blood fibrinogen and an 
elevated sedimentation rate in the presence of changes 
in the electrocardiogram.!*~'® 

In these studies, the rabbit antiserum precipitin 
technic of Anderson and McCarty*® was used. C-re- 
active protein rabbit antiserumf and the patient’s 
serum, 1.5 cm. of each, were drawn up into a capillary 
tube (external diameter about 1 mm.) and incubated 
for two hours at 37°c. The degree of precipitation (0 to 
4 plus) was read after overnight refrigeration. Each 
millimeter of precipitate was considered 1 plus. The 
corrected sedimentation rate was performed accord- 
ing to the technic of Wintrobe. The blood fibrinogen 
was determined either by chemical analysis of the 
fibrin clot by the method of Kingsley’? or by the 
recently developed spectrophotometric clot density 
method of Losner and associates.'* Serial determina- 
tions were made on bloods drawn at frequent intervals. 


RESULTS 


Transmural Myocardial Infarction (Thirty-four 
Cases). The C-reactive protein determination 
was positive in all thirty-four patients with 
transmural myocardial infarction. All these 
patients presented a typical clinical picture and 
electrocardiographic findings which included Q 
waves and progressive RS-T and T wave 
changes. A positive test for C-reactive protein 
was obtained within twelve to seventy-two hours 


t The rabbit antiserum was generously supplied by 
Schieffelin and Company. 


* From the Departments of Medicine, Jewish Chronic Disease Hospital, Jewish Hospital, and State University of 
New York, Brooklyn, New York. Presented in part at the Second World Congress of Cardiology and the 27th Annual 
Scientific Sessions of the American Heart Association, September 13, 1954, Washington, D. C. Aided by grants from the 
Isaac Albert Research Institute and the Mildred Forman Foundation. 
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after the onset of pain. C-reactive protein dis- 
appeared from the serum as early as the second 
week of illness but in some patients it persisted 
for four to five weeks. The latter were usually 
severely ill and had persistent low-grade fever. 
Serial negative tests were the rule late in the 
course of the disease, despite persistent elevation 
of the sedimentation rate. A positive test for 
C-reactive protein, after it had become negative 
during convalescence, usually indicated a com- 
plication such as phlebothrombosis, acute gout 
and progressive or acute recurrent myocardial 
infarction. 

The C-reactive protein determination was 
positive (1 plus) twelve hours after the onset of 
pain in the case of a seventy year old white 
Postmortem examination confirmed 
the presence of transmural myocardial infarction 
of the posterolateral and posteroseptal walls. 

The following case report illustrates the clini- 
cal correlations in acute transmural infarction. 


woman. 


Case 1. I. A., a sixty-seven year old executive, 
suffered from obesity, mild diabetes mellitus (not re- 
quiring insulin), labile essential hypertension, and 
recurrent acute gouty arthritis of the right big toe 
relieved by colchicine. In the year before the present 
illness he had suffered a ‘“‘stroke’’ characterized by 
‘‘double vision.”” There were also one or two episodes 
of brisk nosebleed associated with elevation of the 
systolic blood pressure to over 260 mm. Hg. 

In November, 1954, a routine electrocardiogram 
showed minimal RS-T depression in V6 as the sole 
possible abnormality. (Fig. 1.) On June 1, 1955, the 
patient experienced some substernal and left costal 
margin pain lasting but a few minutes. An electro- 
cardiogram revealed an almost iso-electric T wave in 
aVl and lowering of the T wave in V5 and V6. A 
diagnosis of coronary artery disease was made and the 
patient was advised to rest at home. Because there 
were no further symptoms, he continued with his usual 
daily routine. On June 3, 1955, he suffered for three 
hours with more severe “burning” substernal pres- 
sure which radiated to the left shoulder and inner 
aspect of the left arm as well as to the back. On June 4, 
1955, the electrocardiogram showed distinct RS-T 
depressions in leads I, II, aV1, and V6 with a tendency 
for the T wave to be diphasic. The QT interval was 
prolonged and there was a negative U wave in lead I, 
aVl and V6. (Fig. 1.) The patient continued to be 
ambulatory after subsidence of the pain. 

On June 7, 1955, the patient was afebrile and 
asymptomatic. The heart sounds were good. The 
ventricular rate was 60 per minute. A» was greater 
than P,. The blood pressure was 160/100. The blood 
urea nitrogen was 17.0 and the uric acid 7.9 mg. per 
cent. The corrected sedimentation rate was 19 mm./ 
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Fic. 1. Case 1. Premonitory phase of coronary occlusion 
with transmural infarction. RS-T and T wave changes, 
prolonged QT interval and inverted U waves. Slight 
RS-T elevations, June 9, 1955. C-reactive protein test: 
negative. 


hr. (Wintrobe). The hematocrit was 50 per cent. The 
C-reactive protein determination was negative. 

On June 9, severe substernal pain recurred and 
lasted four hours. The electrocardiogram now showed 
a high take-off of the RS-T segment in leads II, III, 
aVf, V5 and V6. The T waves were less inverted in V5 
and V6. (Fig. 1.) The blood sugar was 227, uric acid 
7.8, urea nitrogen 16.6, and fibrinogen 300, all in mg. 
per cent. The corrected sedimentation rate was 
6 mm./hr. (Wintrobe). The hematocrit was 55 per 
cent. The prothrombin time was thirteen seconds 
with a control of twelve seconds. The C-reactive 
protein determination was again negative. 

There was recurrence of pain for three hours on 
June 10. The heart sounds were good. The ventricular 
rate was 75 per minute. The blood pressure was 134/ 
100. The temperature was 101°F. The R wave in V1 
became tall. The T waves were inverted in leads I, II, 
aVl, V5 and V6. (Fig. 2.) On June 11, there was 
slight substernal discomfort. The blood pressure was 
128/90. The ventricular rate rose to 90/min. and the 
first mitral sound became split. The T waves became 
upright in leads I, II, aVl, aVf, V5 and V6 with 
RS-T elevation in V6 and V7 and a Q wave in V7. 
(Fig. 2.) By June 12, there was marked weakness and 
the blood pressure had fallen to 112/90. The electro- 
cardiogram on June 13, showed RS-T elevation in the 
standard leads, aVf, V6 and V7, with a QS wave in 
V7. (Fig. 2.) The temperature was 100.6°F. and the 
corrected sedimentation rate had risen to 27 mm./hr. 
(Wintrobe). The blood fibrinogen had risen to 1100 
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Fic. 2. Case 1. Coronary occlusion with transmural infarc- 
tion involving the diaphragmatic and lateral walls of the 
left ventricle. Serial changes in the standard and ex- 
tremity leads, tall R wave in V1, RS-T elevation and T 
wave inversion in V6. QS in V7 not shown. 


mg. per cent. The C-reactive protein was positive 
(1 plus). The white blood cell count was 8,000 per cu. 
mm., with 66 per cent polymorphonuclears, 26 per 
cent lymphocytes, 5 per cent monocytes and 3 per cent 
eosinophils. Anticoagulant therapy was instituted with 
phenindione. Colchicine (0.6 mg. twice a day) was 
administered prophylactically to prevent an attack of 
gout. 

Fever with temperatures of 100 to 101.2°F. per- 
sisted for six days. By the eleventh day the fibrinogen 
was normal (390 mg. per cent) but the C-reactive 
protein test was still positive (trace). (Fig. 3.) The 
sedimentation rate continued to increase despite the 
normal blood fibrinogen and negative C-reactive pro- 
tein test on the thirteenth and fourteenth days of 
illness. By the fifteenth day the electrocardiogram 
showed the chronic serial changes of infarction. T1, 
T2 and T3 were inverted, as were the T waves in 
aVf, V5, V6 and V7. The T waves were taller in 
leads V1 to V4. (Fig. 4; vide June 25.) 

The patient was asymptomatic after the first week 
of illness. His blood pressure was 110 to 122/70 to 84. 
The patient decided to discontinue his prophylactic 
colchicine on June 18. On June 27 and 28, the six- 
teenth and seventeenth days of illness, the C-reactive 
protein test again became positive (1 plus). The blood 
fibrinogen was still within normal limits (390 mg. 
per cent and 408 mg. per cent). The patient com- 
plained of a drawing pain in the left lower extremity 
but there was no objective evidence of gouty inflam- 


mation. By June 30, there was a full-blown acute 
gouty arthritis of the metatarsal-phalangeal joint of 
the left big toe, characterized by pain, tenderness, 
heat, redness and swelling. By this time the C-reactive 
protein test was strongly positive (2 plus). The 
fibrinogen was slightly elevated (462 mg. per cent). 


*c 
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DAYS DAYS 
BEFORE AFTER CORONARY OCCLUSIOY 

Fic. 3. Case 1. Course of coronary occlusion and trans- 
mural infarction. Good correlation between C-reactive 
protein and blood fibrinogen during first ten days. C-re- 
active protein was more sensitive than blood fibrinogen 
to the acute changes of gouty arthritis and of recurrent 
myocardial necrosis during convalescence. 


The sedimentation rate was still in the 40 mm. range 
as before the attack. (Fig. 3.) 

Four doses of colchicine (2.4 mg.) were given daily 
from June 30 to July 2 to the point of diarrhea. There 
was subjective symptomatic improvement but red- 
ness, heat and slight tenderness remained. From 
July 3 to July 5, 400 mg. phenylbutazone were given 
daily without remarkable objective change. C-reac- 
tive protein test remained strongly positive. Despite 
therapy the joint was still minimally red and slightly 
tender on the seventh day of the gouty attack. On 
this day the C-reactive protein test was still positive 
(trace) but the blood fibrinogen had fallen to the 
normal level of 318 mg. per cent. 

On July 6, the joint was minimally tender and very 
faintly red. The C-reactive protein test was negative 
and the blood fibrinogen continued to be normal 
(336 mg. per cent). Thereafter, the patient was given 
daily maintenance doses of colchicine (1.2 mg.). 

On July 10, substernal pain radiating down the 
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left arm and lasting one hour occurred after excessive 
exertion. The patient was apprehensive. The first 
sound at the mitral area was again split. The blood 
pressure was 170/110. On July 11, the patient was 
asymptomatic. The blood pressure had returned to 
the previous level of 120/70. An electrocardiogram 
showed T wave inversion in aVI. (Fig. 4.) The tem- 
perature had risen to 99.6°F. the afternoon before the 
onset of pain but the remainder of the course was 
afebrile and asymptomatic. The blood fibrinogen was 
normal and the C-reactive protein test was negative. 
However, thirty-six hours after the onset of pain the 
C-reactive protein test became positive and remained 
positive for three days. On the other hand, the sedi- 
mentation rate did not increase and the blood 
fibrinogen remained normal. 

Despite electrocardiographic changes 
(Fig. 1) and pain during nine days of the premonitory 
phase (June 1 to 9), the C-reactive protein determina- 
tion, sedimentation rate and blood fibrinogen were 
normal. (Fig. 3.) Typical electrocardiographic 
changes of coronary occlusion and transmural infarc- 
tion were noted on June 11 after two more days of 
pain. (Fig. 2.) These changes were associated with 
only a slightly elevated sedimentation rate, a markedly 
elevated blood fibrinogen and a positive C-reactive 
protein determination. It will be noted that the C-re- 
active protein determination was still positive (trace) 
when the fibrinogen had reached normal levels on the 
eleventh day, indicating greater sensitivity of the 
C-reactive protein determination in this case. The 
disparity between the continued elevated sedimenta- 
tion rate and the negative C-reactive protein deter- 
mination and normal blood fibrinogen is apparent on 
the thirteenth and fourteenth day of illness. (Fig. 3.) 

It will be noted that a positive C-reactive protein 
determination heralded an acute attack of gout at a 
time when the sedimentation rate was lower and the 
blood fibrinogen was normal. On the seventh 
day of acute gouty arthritis the C-reactive protein test 
was still positive, but the blood fibrinogen was 
normal, again indicating the greater sensitivity of the 
C-reactive protein determination. (Fig. 3.) 

On the thirty-first day of illness recurrent chest pain 
after exertion was associated with electrocardiographic 
changes. (Fig. 4.) A positive C-reactive protein deter- 
mination was the only indicator of recurrent myo- 
cardial necrosis. It should be noted that there was no 
significant rise in body temperature, the blood fibrino- 
gen remained normal and the sedimentation rate 
constant. 


Comment: 


Coronary Insufficiency with Negative C-reactive 
Protein Determination (Thirty-five Cases). The 
C-reactive protein determination was repeatedly 
negative in thirty-five patients with clinical 
and electrocardiographic evidence of coronary 
artery disease but without distinct criteria jfor 
myocardial necrosis. The clinical picture varied 
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Fic. 4. Case 1. Recurrent myocardial necrosis during con- 
valescence from coronary occlusion. T wave inverted in 
a Vl. C-reactive protein test became positive, fibrinogen 
remained normal and sedimentation rate was unchanged. 


from that of mild angina of effort to that of 
severe angina, dyspnea and orthopnea. The 
electrocardiographic findings similarly ranged 
from RS-T and T wave changes to those of 
marked left ventricular hypertrophy, right and 
left bundle branch block, complete heart block 
and old transmural infarction. In some patients 
the clinical picture was complicated by either 
chronic gallbladder disease, hiatus hernia, 
peptic ulcer or hypothyroidism. A negative 
C-reactive protein determination indicated the 
absence of myocardial necrosis and was of 
diagnostic value particularly in the more 
symptomatic patients with marked electro- 
cardiographic changes, in the patients with old 
transmural infarction and in those with both 
gastrointestinal and coronary disease. The 
following case report of a patient with spon- 
taneous acute coronary insufficiency illustrates 
the findings in this group. (Fig. 5.) 


Case u. I. G., a fifty-three year old white man, 
experienced for the first time moderate substernal 
pain radiating to the left shoulder. These episodes of 
pain continued with increased frequency for the next 
three days. Physical examination was non-con- 
tributory. The blood pressure was 110/80. The 
patient was kept at chair rest for two weeks, during 
which time the electrocardiograms showed T wave 
changes in the standard leads and V6, and deep T 
wave inversions in V3 and V4. These changes were 
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Fic. 5. Case u. Coronary insufficiency with negative 
C-reactive protein test. Marked electrocardiographic 
changes unassociated with any abnormality in C-reactive 
protein, sedimentation rate or blood fibrinogen. 


associated with an afebrile course, a normal white cell 
count, normal sedimentation rates and blood fibrino- 
gens and negative serial C-reactive protein deter- 
minations. The patient’s symptoms subsided after 
the first few days of rest. He returned to work as a 
house painter after two weeks and has been asympto- 
matic for one year. 

Comment: The marked electrocardiographic changes 
suggested a more serious illness. However, the con- 
sistently negative C-reactive protein determinations 
indicated the absence of significant myocardial 
necrosis. 


Coronary Insufficiency with Positive C-reactive Pro- 
tein Determination. (Twenty Cases). The positive 
C-reactive protein determination in this group 
of twenty cases was an index of myocardial 
necrosis. In six patients with both coronary 
disease and either chronic peptic ulcer, hiatus 
hernia or gallbladder disease, the positive test 
indicated that the symptoms were of myocardial 
origin. The next case report illustrates a positive 
test in a patient with acute complete heart 
block and an unstable idioventricular rhythm. 


Case m1. E. B., an eighty year old white woman 
with a history of hypertensive and coronary heart 
disease and mild diabetes, was first seen on April 14, 
1955, two months before admission. At that time she 
was digitalized because of bilateral basal rales and 


Fic. 6. Case m. Sinus rhythm and left bundle branch 
block changing to complete and then 2:1 A-V block. 
Unstable idioventricular focus. 


hepatomegaly. Fluoroscopic examination revealed 
that the heart was enlarged to the left and the aorta 
was tortuous. The electrocardiogram showed regular 
sinus rhythm and left bundle branch block with T1 
inverted and T2 diphasic. The T waves in V1 and 
V2 were upright. There were RS-T depressions and 
diphasic to inverted TIT waves in V4, V5 and V6. 
(Fig. 6.) 

On June 9, 1955, the patient experienced marked 
weakness, but no substernal pain. An electrocardio- 
gram showed complete heart block with a right bundle 
branch block pattern. The T waves were deeply 
inverted in the precordial leads. (Fig. 6.) She was 
hospitalized on June 10, with the diagnosis of complete 
heart block and an unstable idioventricular focus as 
pacemaker, in all likelihood secondary to a silent 
myocardial infarction. By June 14, 1955, the electro- 
cardiogram had stabilized to a 2:1 block, the pattern 
reverting to left bundle branch block. The QRS was 
more widened now and measured 0.16 seconds. The 
T wave had become more deeply inverted in lead II 
and in the left precordial leads. (Fig. 6.) These electro- 
cardiographic changes were not associated with 
substernal pain or fever. The sedimentation rate 
varied from 29 to 33 mm./hr. (Wintrobe) and the 
C-reactive protein determination was negative on 
repeated occasions. 

On June 19, the T waves became inverted in V2 
and V3. The tall R wave disappeared from V3, V4 
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and V5. By June 21, the changes had reverted. How- 
ever, on June 24, there were short runs of 3:1 block 
and again the R wave became extremely low in V3 
and V4 (Fig. 6.). By June 26, the tall R waves re- 
turned in V3 and V4. These electrocardiographic 
changes were followed by a positive C-reactive protein 


101 E.B.,80 yrs? 


100 
99 
98 


F 


SED.RATE TEMPERATURE 


WBC: 8600 » 


NN N NN | INN 


10 15 20 
DAYS OF ILLNESS 
Fic. 7. Case m1. Positive C-reactive protein determination 
in the presence of a minimal elevation of sedimentation 
rate and afebrile course in a patient with acute complete 
heart block and unstable idioventricular focus. 


determination which lasted three days. The sedi- 
mentation rate had risen but very slightly to 39 mm. 
hr. (Wintrobe). The patient never experienced sub- 
sternal pain or fever. The white blood cell count 
was always within normal limits. (Fig. 7.) 

In this patient the C-reactive protein 
determination was diagnostic of myocardial necrosis, 
in the presence of complete heart block and bizarre 
electrocardiographic changes. It was negative at the 
onset of the acute heart block presumably because of 
absence of significant muscle necrosis. The test was 
valuable because the course was otherwise asympto- 
matic and afebrile. The C-reactive protein served 
as a guide for ambulation in the presence of a per- 
sistently elevated sedimentation rate. 


Comment: 


The next case report illustrates the value of 
the positive C-reactive protein test for the 
diagnosis of myocardial necrosis in spontaneous 
coronary insufficiency where the electrocardio- 
gram showed only RS-T and T wave changes. 


Case tv. L. G., a forty-three year old white physi- 
cian, experienced severe substernal pressure, belching 
and nausea two days before he was seen on June 8, 


JANUARY, 1957 


Fic. 8. Case 1v. Spontaneous cute acoronary insufficiency 
with myocardial necrosis. C-reactive protein was positive 
but fibrinogen was normal June 8 through June 14. 
C-reactive protein was negative when sedimentation rate 
was persistently elevated June 23. C-reactive protein was 
again positive and fibrinogen elevated without change in 
sedimentation rate July 2 through July 6. 
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Fic. 9. Case tv. Recurrence of acute coronary insuffi- 
ciency after exertion. C-reactive protein was positive for 
one week after fibrinogen was returned,_to normal July 16 
through July 23 and was negative after recovery, despite 
a persistently elevated sedimentation rate. 


1954. Physical examination was non-contributory. 
The electrocardiogram showed RS-T depressions and 
T wave inversions in leads I, aV1, V5 and V6. (Fig. 
8.) The first white cell count was 11,750 per cu. mm. 
Subsequent white cell counts were normal. There 
was no fever. The sedimentation rate showed an eleva- 
tion in the first week. The C-reactive protein test 
was slightly positive, the blood fibrinogen was normal. 
The patient was kept at chair rest at home. At the end 
of two weeks (June 23, 1954) the electrocardiogram 
had improved. The C-reactive protein test was nega- 
tive, the blood fibrinogen was normal, but the sedi- 
mentation rate was still elevated. (Fig. 10.) 

In the next few days the physician returned to his 
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rigorous schedule and complained of some substernal 
discomfort. For the next seventeen days the C-reactive 
protein determination was again positive. The blood 
fibrinogen was elevated. The sedimentation rate re- 
mained elevated at its previous level and did not show 
any change. The C-reactive protein test was positive 
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Fic. 10. Case 1v. Acute coronary insufficiency with myo- 
cardial necrosis. C-reactive protein was more sensitive 
than fibrinogen at onset. Positive C-reactive protein 
paralleled elevated fibrinogen during recurrence, despite 
lack of change in sedimentation rate. C-reactive protein 
was positive longer than fibrinogen (forty-ninth day) and 
became negative despite a persistently elevated sedimen- 
tation rate during convalescence (sixty-first day). 


for one week after the blood fibrinogen had returned 
to normal levels (below 400 mg. per cent). (Figs. 
9 and 10.) 

Comment: This case illustrates the greater sensitivity 
of the C-reactive protein determination in the diag- 
nosis of myocardial necrosis in a patient with spon- 
taneous acute coronary insufficiency. The test was 
informative at the onset when the blood fibrinogen 
was normal and the white cell count was equivocally 
elevated (Fig. 10). The CRP determination paralleled 
the blood fibrinogen during the recurrence of symp- 
toms but showed greater sensitivity, remaining posi- 
tive at a time when the blood fibrinogen was normal. 
The sedimentation rate and white cell count during 
this period did not change and were not diagnostic. 


Premonitory Phase of Coronary Occlusion with 
Negative C-reactive Protein Determination (Five 
Cases). Five patients were studied early in the 
premonitory phase of acute coronary occlusion. 
The C-reactive protein determination was nega- 
tive during the period of RS-T and T wave 
changes but became positive as transmural 
infarction developed. The first case report 
illustrates this feature. (Figs. 1 and 3.) 

One patient with recurrent substernal pres- 


sure of two weeks duration finally experienced 
an acute infarction on the day after admission 
and died suddenly before Q waves developed 
in the electrocardiogram. The C-reactive pro- 
tein test was negative six hours before death. 
Postmortem examination was not obtained. 

Old Transmural Infarction with Positive C-reactive 
Protein Determination (Six Cases). Recurrence of 
pain in six patients with previous myocardial 
infarction was associated either with no change 
or with RS-T and T wave changes in the electro- 
cardiogram, which showed the Q wave of the 
previous infarction. A positive test distinguished 
these cases from those symptomatic cases of old 
infarction without recent necrosis. 


COMMENTS 


The diagnosis of coronary occlusion and trans- 
mural infarction is made by history, clinical 
findings and the electrocardiogram, which is 
characterized by Q waves, RS-T elevations and 
serial RS-T and T wave changes. The C-reac- 
tive protein determination is unimportant for the 
diagnosis of infarction under these circum- 
stances. However, it may be important in the 
diagnosis of complications during convalescence. 
Serial determinations included in this paper show 
that the serum C-reactive protein is a more 
sensitive indicator of an acute complication dur- 
ing convalescence than the sedimentation rate 
and the blood fibrinogen. The C-reactive protein 
test becomes negative when the sedimentation 
rate may be persistently elevated even during 
convalescence. The C-reactive protein test can 
therefore become positive again with an acute 
change, whereas the sedimentation rate may not 
rise significantly above its already high level. 

The diagnosis of symptomatic coronary artery 
disease without Q waves in the electrocardio- 
gram, such as coronary insufficiency or coronary 
failure, is made by the history of anginal pain 
and the associated electrocardiographic findings. 
RS-T and T wave changes characterize the 
usual subendocardial injury but the injury may 
be reversible and not lead to myocardial necrosis. 

Our studies indicate that a positive C-reactive 
protein test is a valuable aid in establishing the 
presence of irreversible injury and significant 
myocardial necrosis in this group of patients. 
Our observations confirm and extend those 
of Léfstr6m!* and Hedlund’ who demonstrated 
acute phase protein (C-reactive protein) in the 
serums of patients with myocardial infarction 
but not in patients with arteriosclerotic heart 
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disease and angina, chronic valvular disease and 
essential hypertension. 

As in Hedlund’s series, C-reactive protein de- 
terminations were negative in our patients with 
uncomplicated peptic ulcer, chronic chole- 
cystitis and cholelithiasis, and hiatus hernia. 
Thus in symptomatic patients with both coro- 
nary disease and gastrointestinal disease, and an 
abnormal electrocardiogram, a positive C-reac- 
tive protein test indicates that the symptoms 
are of myocardial origin. The test is similarly 
useful in determining the presence of recent 
recurrent myocardial necrosis in patients with 
electrocardiographic changes indicative of an 
old transmural infarction. 

The limitation of the C-reactive protein de- 
termination is its non-specificity. It may be used 
in evaluating a patient with coronary disease 
only when other infectious or non-infectious 
stimuli for its formation are known to be absent. 
Our own observations and those in the literature 
indicate that the time of appearance and extent 
of the sensitive C-reactive protein response are 
related to the degree of the stimulus.7:!%?! A 
negative test may be obtained in the presence of 
mild, acute or subacute inflammation, or there 
may be a delay in the appearance of a positive 
test after a mild acute process. Serial tests are 
therefore necessary before a negative C-reactive 
protein determination is considered representa- 
tive of either no necrosis or clinically insignificant 
necrosis. 


SUMMARY AND CONCLUSIONS 

1. C-reactive protein determinations in 100 
selected patients with coronary disease indicate 
that the level of C-reactive protein in the serum 
is a sensitive index of myocardial necrosis and 
inflammation, provided other infectious and 
non-infectious stimuli for its formation are 
absent. 

2. The C-reactive protein test is negative in 
the premonitory preinfarction stage of acute 
transmural infarction. 

3. C-reactive protein may be detected in 
every case of transmural myocardial infarction 
with Q waves in the electrocardiogram. Serial 
tests are essential because there may be a delay 
(twelve to seventy-two hours) in the formation 
of C-reactive protein, depending on the degree 
of infarction. 

4. A negative test during convalescence from 
transmural infarction (third or fourth week) is 
thought to signify subsidence of myocardial 
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necrosis and inflammation. Any recurrence of a 
positive test indicates phlebothrombosis, recur- 
rent myocardial infarction or some other 
complication. 

5. A positive C-reactive protein test is diag- 
nostic of myocardial necrosis in symptomatic 
coronary disease without Q waves. The test is 
sensitive and clinically helpful when the usual 
objective criteria for myocardial necrosis are 
equivocal or absent, such as fever, leuko- 
cytosis, elevated sedimentation rate and blood 
fibrinogen. 

6. A negative C-reactive protein test in coro- 
nary insufficiency indicates the absence of 
significant myocardial necrosis only if repeated 
serial determinations are negative. 
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ae” two patients have been observed 
with a type of anemia which, to our knowl- 
edge, has not been previously described. This 
anemia was refractory to therapy with known 
hematopoietic substances including iron, vita- 
min Bis, folacin and leucovorin, but responded 
maximally to the oral administration of liquid 
extract of liver, U.S.P. (Valentine). f 

Common hematologic findings in these two 
patients included the following: (1) The periph- 
eral blood showed erythrocytic anisocytosis, 
poikilocytosis and anisochromia. The calculated 
mean corpuscular hemoglobin concentrations 
were consistently low, whereas the mean cor- 
ouscular volumes varied between microcytosis 
and normocytosis. (2) The bone marrow dem- 
onstrated erythroid hyperplasia with erythro- 
blastic maturation arrest. Abnormal erythroid 
maturation similar to that seen in the marrow of 
patients with untreated pernicious anemia was 
not apparent. (3) The serum iron concentrations 
were elevated with markedly increased satura- 
tion of the total serum iron binding capacity. In 
each instance, the anemia was of long duration 
and continuing study failed to reveal an adequate 
explanation for its development and persistence. 


CASE REPORTS 


Case 1. P. J., a thirty-eight year old white radio 
repairman, was first admitted to Crile Veterans 
Administration Hospital in February, 1953, with 
symptoms and signs of severe anemia. His history 
dated from 1944 when, while still in the Navy, he was 
hospitalized because of anemia, for which no cause 
was apparent. Since dyspepsia had been a complaint 


t Obtained from the Valentine Company, Inc., 
Richmond 9, Virginia. 


and since the anemia was hypochromic, a presumptive 
diagnosis of bleeding duodenal ulcer was made. Dur- 
ing the period of hospitalization, however, no evidence 
of blood loss was found. Therapy at the time consisted 
of blood transfusions. He was discharged from the 
service in August, 1945. During the succeeding eight 
years, he remained asymptomatic. Three months prior 
to his admission to Crile Hospital, he noted the onset of 
increasing fatigue, exertional dyspnea and pallor, and 
diminished activity tolerance. Past history revealed 
that as a youth, he sometimes was unable to engage in 
active sports because of fatigability. Except for the 
episode of anemia while in the service, however, 
he had never been severely incapacitated. On the 
advice of physicians, he had taken ferrous sulfate, 
1.0 gm. daily, since discharge from the Navy. He was 
not aware of any familial history of anemia. Die- 
tary habits were good and there was no history of 
alcoholism. 

Physical examination, except for tachycardia and 
pallor of the skin and mucous membranes, was un- 
remarkable. The liver was not enlarged, the spleen was 
not palpable and there was no significant lymphade- 
nopathy. No signs of deficiency of B-complex vitamins 
were apparent. 

Laboratory studies revealed a hypochromic anemia. 
The hemoglobin was 6 gm. per 100 cc. There was no 
evidence of blood loss or increased hemolysis. Leuko- 
cytes, thrombocytes and reticulocytes were normal. 
Peripheral blood films revealed marked erythro- 
cytic anisocytosis, poikilocytosis and anisochromia. 
Wright-stained films of bone marrow were inter- 
preted as follows ‘‘ . . . hyperactive erythropoiesis 
with maturation arrest as evidenced by increased 
numbers of megaloblasts and early erythroblasts. 
Abnormal myelocytes and erythroblasts seen in 
pernicious anemia are not present .. . ”f 


t Interpreted by Dr. David R. Weir, then attending 
hematologist at Crile Veterans Administration Hospital. 


* From the Department of Medicine, Western Reserve University, School of Medicine, and the Departments of 
Medicine, Crile Veterans Administration Hospital, the University Hospitals of Cleveland, and the Cleveland City 
Hospital. This investigation was supported in part by research grants, C-2501, H-1263 and A-745, from the National 
Institutes of Health, Public Health Service. Presented before the Twenty-eighth Annual Meeting of the Central Society 


for Clinical Research, Chicago, November 4 and 5, 1955. 
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Fic. 1. Case 1, P. J. Graph showing failure of hematologic response to vitamin By, and folacin. Re- 
sponse to an initial course of intramuscular crude liver extract is shown. 


The clinical course during this first hospitalization 
is shown in Figure 1. The administration of vitamin 
Bi, 30 wg. intramuscularly, daily for ten days, and 
folacin, 30 mg. orally, daily for two weeks, produced 
no response. He was then given intramuscular crude 
liver extract, 5 cc. daily. A reticulocyte response 


TABLE I 
CHART SHOWING PERCENTAGE OF NUCLEATED 
ERYTHROID CELLS IN BONE MARROW 


Case 


(E. S.) 


Case I 


(P.S.) 
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occurred, becoming apparent on the eighth day of 
therapy and reaching a peak of 19 per cent on the 
nineteenth day. With this response, the hemoglobin 
rose from 7 to 13 gm. per 100 cc. in the succeeding 
two months. 

After one month of daily intramuscular crude liver 
extract, the dose was decreased to 5 cc. twice weekly; 
ferrous sulfate, 1'gm. daily, was also given. The patient 
was discharged from the hospital in June, 1953. 
Although this schedule of therapy was continued on an 


out-patient basis the anemia recurred and he returned 
to the hospital in November, 1953. 

At this time, the anemia was again hypochromic 
and microcytic. The erythrocyte count was 2.5 million 
per cu. mm., the hemoglobin, 5.5 gm. per 100 cc.; 
and the hematocrit 20 per cent. The mean corpuscular 
volume was 80 cubic microns, and the mean cor- 
puscular hemoglobin concentration, 27 per cent. 
The total leukocyte count was 7,400 per cu. mm.; 
differential leukocyte count showed 61 per cent 
polymorphonuclear leukocytes, 34 per cent lympho- 
cytes, 2 per cent monocytes, 2 per cent eosinophils and 
1 per cent basophils. Reticulocytes and thrombocytes 
were normal. The previously described morphologic 
abnormalities of the erythrocytes were again apparent. 
Bone marrow again showed erythroid hyperplasia 
with erythroblastic maturation arrest. (Table 1.) 

Continuing studies again failed to reveal the etiology 
of the anemia. There was no evidence of blood loss 
either symptomatically or by laboratory study. Re- 
peated examinations of the stool were negative for 
blood. Radiographic examination of the entire gastro- 
intestinal tract was negative. Serum iron concentra- 
tion during relapse was 226.6 ug. per 100 cc.; the serum 
iron binding capacity was completely saturated. * 


* We are indebted to Dr. E. S. Bowerfind, Department 
of Medicine, Lakeside Hospital, Cleveland, Ohio, for the 
serum iron determinations. Normal values in this labora- 
tory for serum iron and for serum unsaturated iron bind- 
ing capacity are 95 + 26 ug. per 100 cc. and 230.6 + 37 
ug. per 100 cc., respectively. 
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Fic. 2. Case 1. Graph showing failure of response to intravenous iron, leucovorin, a second course 
of intramuscular crude liver extract and large doses of intramuscular vitamin By». 


Various tests seeking evidence of possible increased 
hemolysis were performed. Direct Coombs’ test, 
electrophoresis of hemoglobin, alkaline denaturation 
for estimation of fetal hemoglobin, Donath-Land- 
steiner test, Ham test and osmotic fragilities of ery- 
throcytes before and after twenty-four hours of sterile 
were normal. No hemolysins or 
agglutinins were demonstrated in the patient’s 
serum in the pH range from 6.5 to 7.5; serum cold 
agglutinins were present in a dilution of 1:4. Me- 
chanical fragility of erythrocytes was slightly in- 
creased; 7.3 per cent hemolysis occurred at zero 
time and 31.2 per cent hemolysis occurred after sterile 
incubation of the cells at 37°c. for twenty-four hours. 
(Normal values are 2.6 + 0.8 per cent at zero hour, 
and 10.6 + 3.5 per cent after incubation.) The 
radiochromate erythrocyte autosurvival time was 
shortened. The half life of the labelled erythrocytes 
was twenty-eight days; all were eliminated from the 
circulation in eighty-nine days. 

Evidence of intestinal malabsorption was not found. 
Free hydrochloric acid was present in fasting gastric 
contents. The oral glucose tolerance test and the 
plasma prothrombin concentration were normal. 
There was no history of diarrhea. No evidence of 
abnormalities of hepatic or renal function were found. 

The hematologic course during this hospitalization 
is shown in Figure 2. Therapy with saccharated oxide 
of iron, 100 mg. intravenously, daily for seven days 
was without effect. The administration of leucovorin, 


incubation at 37°c. 
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10 mg. intramuscularly daily for ten days, and cal- 
cium leucovorin, 30 mg. daily orally for ten days, 
produced no response. Intramuscular crude liver 
extract, 5 cc. daily for three weeks, was then given— 
this time without response. Vitamin B,2 in doses of 
1,000 wg. intramuscularly daily for six days was also 
ineffective. 

The failure of the patient to respond to this course 
of therapy with intramuscular crude liver extract sug- 
gested the possibility that the preparation did not 
contain an active hematopoietic substance present in 
a preparation administered six months previously. 
Furthermore, a more consistent source for such a 
substance might have been found in a cruder liver 
preparation. Accordingly, the patient was then given 
liquid extract of liver, U.S.P. (Valentine). 

The hematologic response to the oral administra- 
tion of this preparation in doses of 30 cc. three times 
daily is shown in Figure 3. Prompt reticulocyte 
response occurred with a peak of 25 per cent on the 
ninth day of therapy. Erythrocytic regeneration was 
rapid with a rise in the hematocrit from 21 to 42 per 
cent in seven weeks. With this response, the mean 
corpuscular hemoglobin concentration rose from 25 to 
30 per cent. Subjective improvement also was prompt. 
Increased feeling of well-being had occurred within 
forty-eight hours after beginning therapy. 

After two months of therapy, the oral crude liver 
extract was discontinued. Five and one-half months 
after cessation of therapy, hematologic relapse had 
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Fic. 3. Case 1. Graph showing hematologic response to liquid extract of liver, U.S.P. (Valentine), in oral doses 


of 90 cc. daily. 


occurred; the hematocrit had fallen to 30 per cent 
and the mean corpuscular hemoglobin concentration 
to 25 per cent. 

In later trials of therapy (Fig. 4.), the patient failed 
to respond to 30 cc. of the crude extract given in a 
single daily dose for ten days. A suboptimal response 
occurred with 45 cc., given in three divided doses 
daily for ten days. Reticulocyte response occurred 
with a peak of 15 per cent on the eighth day of ther- 
apy. The hematocrit rose to only 39 per cent after 
twenty-one days and had fallen to 33 per cent only 
twenty-five days after cessation of therapy. 

The subsequent responses of this patient have indi- 
cated the hematopoietic activity of various fractions 
prepared from the crude liver extract in an attempt to 
isolate the active material. These studies, when com- 
pleted, will be reported at a later date. 


Case un. E. S. is a forty-one year old Negro man 
in whom the diagnosis of anemia was first made in 
1946 while he was in the Army. The anemia was 
hypochromic and microcytic. Complete study at that 
time failed to reveal positive evidence of blood loss; 
no cause for anemia could be demonstrated. During 
six months of hospitalization prior to discharge from 
the Army, therapy with iron and intramuscular liver 
extract failed to influence the course of the anemia. 

He was first admitted to Crile Veterans Adminis- 
tration Hospital in November, 1949. From then until 


1954, he was hospitalized six times for attempted 
treatment and for investigation concerning the etiol- 
ogy of his moderately severe anemia. Continuing 
observation, however, failed to reveal an adequate 
cause. The calculated erythrocytic corpuscular indices 
revealed consistent hypochromia and a _ variation 
between normocytosis and microcytosis. Marked 
erythrocytic anisocytosis, poikilocytosis and aniso- 
chromia with increased numbers of target cells were 
constantly noted on examination of peripheral blood 
films. Leukocytes and thrombocytes were normal. 

During this period, therapy with oral iron, folacin, 
intramuscular crude liver extract and vitamin By)» 
failed to influence the course of the anemia in this 
patient. The amounts of these substances adminis- 
tered were those normally effective in patients with 
the types of nutritional anemia due to specific de- 
ficiencies. During one hospitalization, when the 
hemoglobin fell to less than 4 gm. per 100 cc., whole 
blood transfusions were given. Otherwise, during this 
five year period of observation, the hemoglobin level 
remained between 6 and 9 gm. per 100 cc. Symp- 
tomatically, the patient did well at these levels requir- 
ing only moderate restriction of activities. 

This patient is a chronic alcoholic and drinks ex- 
cessively during week-ends. During these drinking 
bouts, his food intake is markedly curtailed but it is 
fairly adequate during periods of relative abstinence. 

Physical examination revealed average develop- 
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Fic. 4. Case 1. Graph showing failure of response to liquid extract of liver, U.S.P. 
(Valentine), in oral doses of 30 cc. daily. Suboptimal response is shown with 


daily doses of 45 cc. 


ment and state of nutrition. The liver was enlarged 
and palpable 6 cm. below the right lower costal mar- 
gin; the edge was smooth and slightly tender. Spleno- 
megaly was first noted in 1952; the spleen has been 
palpable 4 cm. below the left lower costal margin 
since that time. There was no lymphadenopathy. 
The skin and mucous membranes showed no evidence 
of a vitamin deficiency state. No neurologic abnor- 
malities were present. 

Laboratory studies failed to reveal adequate cause 
for this persistent anemia. No evidence of blood loss 
or of increased hemolysis was found. Although radio- 
graphic examination showed a deformity of the duo- 
denal bulb, no ulcer crater was visualized. Repeated 
examinations of the stool for blood were negative. 
The osmotic fragility of the erythrocytes was de- 
creased. Serum bilirubin and urine urobilinogen 
levels were normal. Sickling of erythrocytes did not 
occur and the direct Coombs’ test was negative. 
Paper electrophoresis of hemoglobin revealed a nor- 
mal pattern. There was no familial history of anemia; 
so far as the patient was aware, all his progenitors 
were of African descent. 

Needle biopsy of the liver demonstrated fibrosis and 
hemosiderin deposition consistent with a pathologic 
diagnosis of “pigmentary cirrhosis.” This finding, 
along with elevated serum iron levels and near total 
saturation of the iron binding capacity (vide infra), 
made tenable a clinical diagnosis of hemochromatosis. 
Abnormalities in liver function tests indicated de- 
terioratien of hepatic function during the five year 
period of observation. Thymol turbidity increased 
from 3 units in 1949 to 14 units in 1954. Serum globu- 
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lin rose from 3.3 to 5.2 mg. per 100 cc., while serum 
albumin fell from 5.8 to 3.9 mg. per 100 cc. during 
the same period. Bromsulphalein retention has varied 
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from 4 to 16 per cent in forty-five minutes. Cephalin 
flocculation has been consistently 3 plus to 4 plus in 
forty-eight hours. Serum levels of alkaline phospha- 
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Fic. 6. Case u. Graph showing hematologic response to liquid extract of liver, U.S.P. 


(Valentine), in oral doses of 90 cc. daily. 


tase, bilirubin and cholesterol, and the plasma pro- 
thrombin concentration have remained within normal 
limits, 

Histamine-fast achlorhydria has been demon- 
strated repeatedly in this patient. The oral glucose 
tolerance test was normal. Although evidences of 
mild hypertensive vascular disease have been present, 
tests for renal function have been repeatedly within 
normal limits. 

In November, 1954, the patient was readmitted to 
the hospital because of the persistence of symptoms of 
anemia. Laboratory findings revealed: Erythrocyte 
count, 3.9 million per cu. mm.; hemoglobin, 8 gm. per 
100 cc.; hematocrit, 35 volume per cent. Leukocyte 
count was 14,700 per cu. mm.; differential leukocyte 
count showed 73 per cent neutrophils, 14 per cent 
lymphocytes, 11 per cent monocytes, 1 per cent eosino- 
phils and 1 per cent basophils. Erythrocytes showed 
the morphologic abnormalities previously described. 
The mean corpuscular volume was 89 cubic microns, 
and the mean corpuscular hemoglobin concentration, 
23 per cent. Reticulocytes and thrombocytes were nor- 
mal. The bone marrow showed erythroid hyperplasia 
with maturation arrest at an erythroblastic level. 
(Table 1.) Repeated studies again showed no evidence 
of blood loss or of increased blood destruction. The 
serum iron concentration was 249.6 wg. per 100 cc. 
and unsaturated iron binding capacity was 25.9 ug. 
per 100 cc.? 

Treatment with folacin orally, 10 mg. daily, for two 
weeks, with leucovorin intramuscularly, 10 mg. daily, 
for one week, and with vitamin B;, intramuscularly, 
30 ug. daily, for ten days produced no response. (Fig. 
5.) Because of similarities in erythrocytic morphologic 


abnormalities and in bone marrow findings to those in 
CASE I, it was considered that this patient also might 
respond to oral crude liver extract. 

His response to liquid extract of liver, U.S.P. 
(Valentine) in doses of 30 cc. three times daily for five 
weeks is shown in Figure 6. Reticulocyte response 
occurred reaching a peak of 7 per cent on the thir- 
teenth day of therapy. The hematocrit rose from 28 to 
43 per cent in two months. As with the first patient, 
relapse followed cessation of therapy. After five 
months, the hematocrit had fallen to 30 per cent. A 
rise and fall in the mean corpuscular hemoglobin 
concentration with response and relapse respectively 
were also observed. 

On decreasing the dose of oral crude liver extract to 
15 cc. three times daily, slight reticulocyte response 
occurred with a peak of 4 per cent on the thirteenth 
day of therapy; however, there was no subsequent rise 
in the hematocrit. On re-exhibition of the 30 cc. dose 
three times daily, response was again apparent with 
reticulocytosis and a rise in the hematocrit from 29 to 
39 per cent in six weeks. 


COMMENTS 


These patients present a unique type of nutri- 
tional anemia, responding to a factor present in 
oral crude liver extract which previously has 
not been recognized as essential in human ery- 
thropoiesis. Although the mechanism of produc- 
tion of this anemia is unclear, some of the 
observed hematologic abnormalities may pro- 
vide a basis for speculation on the nature of 
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possible metabolic aberrations in these patients. 
The combination of (1) hypochromia of ery- 
throcytes, (2) erythroid hyperplasia with marked 
decrease in numbers of mature normoblasts in 
bone marrow, and (3) elevated serum iron levels 
with increased saturation of iron binding protein 
and hemosiderin deposition in tissues, suggests 
a failure of iron utilization in the synthesis of 
hemoglobin. Iron not utilized is then deposited 
in tissues as hemosiderin. 

Of interest in this regard is a patient with 
‘secondary hemochromatosis” terminating fa- 
tally reported by Goldish and Aufderheide.! 
In this patient a hypochromic anemia with 
erythrocytic morphologic abnormalities strik- 
ingly similar to those in our patients was present 
and was refractory to therapy with intramuscu- 
lar vitamin By,s and oral folic acid. As in our 
second patient, a history of alcoholism and 
laboratory evidence of impaired function of the 
liver were present. At autopsy, siderotic cirrhosis 
of the liver and hemosiderosis of other organs 
and tissues were found. There was no mention 
of the administration of crude liver extract to 
this patient. 

Further, Gillman and Gillman? have de- 
scribed hemosiderin deposition and pigmentary 
cirrhosis in biopsy specimens of the liver ob- 
tained from adolescents and adults with pellagra. 
In their study, varying degrees of iron pigment 
deposition in the liver were found in eighty-two 
of ninety-two pellagrous subjects over ten years 
of age. Also, hypochromic and/or microcytic 
anemia have been described by others as a part 
of the syndrome of pellagra.*:* However, hypo- 
chromic anemia has not been correlated with 
the presence of hemosiderosis in the same sub- 
ject; contrarily, it has been attributed to lack of 
iron in a complex nutritional deficiency state. 
Nevertheless, these observations, along with the 
responses shown by our patients, might indicate 
an heretofore unrecognized factor in crude 
liver which is necessary for the synthesis of the 
hemoglobin molecule. In its absence, then, 
available iron might be deposited in tissues as 
hemosiderin and a hypochromic anemia might 
develop. 

Hypochromic anemia, erythrocytic morpho- 
logic abnormalities with target cells, erythroid 
hyperplasia in bone marrow and _hyperferri- 
cemia have also been observed in diet-induced 
pyridoxine deficiency in animals.® A similar 
anemia resulting from pyridoxine deficiency 
has been produced experimentally in a pre- 


JANUARY, 1957 


mature infant. Furthermore, we recently re- 
ported an adult man with hypochromic anemia 
that responded only to pyridoxine.’ This patient 
was observed concomitantly with these pres- 
ently reported. The clinical similarities were 
striking; the principle difference was his failure 
to respond to liquid extract of liver, U.S.P. 
(Valentine) in oral doses as large as 120 cc. 
daily. The response to pyridoxine in the pres- 
ently reported cases has not yet been tested. It 
can be stated however, that active fractions 
obtained from the crude extract of liver have 
not contained pyridoxine by chromatographic 
and spectrophotometric analysis.*® 

Although to our knowledge the response of 
this type of anemia to oral crude liver extract 
has not been studied previously, a similar situa- 
tion is suggested in the history of a patient 
recently reported by Kirketerp.® This fifty-five 
year old woman is reported to have had severe 
iron-refractory hypochromic anemia that re- 
sponded to an oral crude liver preparation, the 
folacin content of which was estimated as 
negligible. Details of bone marrow and erythro- 
cytic morphology at that time are not available 
and the schedule of therapy is not included in 
the report. Twenty years later, a megaloblastic 
anemia which was refractory to refined liver 
extract but responded satisfactorily to folacin is 
described in this patient. 


SUMMARY 


1. Two patients are reported with an anemia, 
refractory to therapy with iron, vitamin Bio, 
folacin and leucovorin, that responded to the 
oral administration of liquid extract of liver, 
U.S.P. (Valentine). 

2. The anemia was characterized by: (a) 
hypochromia and inconstant microcytosis, (b) 
erythrocytic morphologic abnormalities includ- 
ing anisocytosis, poikilocytosis and anisochro- 
mia; an increased number of target cells was 
prominent in one of the patients, (c) bone 
marrow hyperplasia with erythroid maturation 
arrest at an erythroblastic level, and (d) elevated 
serum iron levels with increased saturation of 
total serum iron binding capacity. 
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XTRAMEDULLARY hemopoiesis or myeloid 
E metaplasia due to unknown cause which is 
frequently associated with myelofibrosis or osteo- 
sclerosis is now a well recognized clinical and 
pathologic entity. In 1879, Heuck! described a 
patient with generalized osteosclerosis, anemia, 
leukocytosis and marked splenic and hepatic 
enlargement. Since Heuck’s description the 
syndrome has been a controversial subject, the 
discussion revolving chiefly around the following 
questions: (1) Does it represent leukemia or a 
variant thereof? (2) Is it a compensatory mecha- 
nism secondary to a primary bone or bone mar- 
row abnormality; such as, myelofibrosis and/or 
osteosclerosis? (3) Does it represent a reactive 
response to a marrow toxin or some other type of 
injury? (4) Is it a myeloproliferative disorder 
involving all marrow elements? 

There are published case reports under a vari- 
ety of names including chronic non-leukemic 
myelosis, aleukemic myelosis, leukoerythroblastic 
anemia, myeloid splenic anemia, leukanemia, 
osteosclerotic anemia, aleukemic megakaryo- 
cytic myelosis, atypical myeloid leukemia, pri- 
mary idiopathic myelofibrosis and agnogenic 
myeloid metaplasia of the spleen. The last was 
first suggested by Jackson, Parker and Lemon? 
in their report of ten patients with extensive 
extramedullary hemopoiesis but without evi- 
dence of leukemia. Although numerous similari- 
ties to chronic granulocytic leukemia have been 
emphasized, there have also been many differ- 
ences indicating that the disorder is a specific 
syndrome distinct from leukemia. The term 
agnogenic myeloid metaplasia has received 
fairly wide acceptance in recent years and will 
be used throughout the present discussion. The 
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frequent occurrence of fibrotic marrow changes 
appears to be a part of the overall disease process 
and, since the etiology remains unknown, the 
name agnogenic myeloid metaplasia seems quite 
inclusive and adequate at the present time in 
describing this condition and in setting it apart 
from extramedullary hemopoiesis secondary to 
some other primary disease. 

With increasing awareness of the disorder and 
careful study and reporting of individual 
cases,*~!® certain diagnostic criteria have been 
established. The symptomatology has been 
rather nondescript and is often limited to com- 
plaints referable to anemia or to splenic enlarge- 
ment of relatively long duration. However, in 
some cases migratory skeletal pain, especially in 
the lower extremities, is a prominent feature. 
Splenomegaly has been a constant finding and 
has usually been accompanied by hepatic en- 
largement. The absence of significant lymph- 
adenopathy has been pointed out as an impor- 
tant aid in helping to differentiate agnogenic 
myeloid metaplasia from leukemia. The periph- 
eral blood picture usually includes the presence 
of immature granulocytes and nucleated erythro- 
cytes and therefore is described as compatible 
with a diagnosis of chronic granulocytic 
leukemia. The differential diagnosis rests upon 
the findings indicated plus the absence of 
leukemic marrow changes and, lastly and most 
important, the demonstration of active hemo- 
poiesis in the spleen. The relatively chronic 
course of the disease has also been helpful in 
establishing this disorder as an entity separate 
from leukemia, although differentiation of the 
condition from leukemia has not received uni- 
versal acceptance. !4—!8 


* From The Thomas Henry Simpson Memorial Institute for Medical Research, University of Michigan, Ann Arbor, 
Michigan. 
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Early reports emphasized the poor response to 
antileukemic therapy. Both splenic radiation 
and splenectomy were formerly believed to be 
contraindicated. Hickling® first called attention 
to the high mortality following splenectomy in 
agnogenic myeloid metaplasia. He described 
twenty-seven patients with twenty-four deaths in 
the twelve months following surgery, fifteen oc- 
curring within the first four weeks. It has, how- 
ever, become increasingly evident that neither 
radiation nor splenectomy necessarily is fol- 
lowed by deleterious results and in certain 
carefully selected patients either may be the 
treatment of choice. Green, Conley, Ashburn 
and Peters?® recently summarized the effect 
of splenectomy in twenty-nine patients and con- 
cluded that there was no evidence that it altered 
the general course of the disease. This conclusion 
has been substantiated by others.?!)?? 

The main histopathologic finding is that of 
active extramedullary hemogenesis without the 
changes commonly associated with leukemia. 
Areas of developing erythrocytes and granulo- 
cytes plus megakaryocytes are present in a 
slightly or markedly fibrosed spleen usually 
without infarcts. The lymphoid follicles are in 
most instances preserved and the splenic cords 
and sinusoids remain well demarcated. The 
latter may be somewhat distorted due to com- 
pression or distention but alteration of splenic 
architecture due to abnormal proliferation of a 
single marrow element so frequently seen in 
leukemia does not occur. In addition to those 
present in the spleen, there are occasional foci 
of hemopoiesis in other organs, the liver and 
abdominal lymph nodes following in that order 
of frequency. Whereas all normal marrow ele- 
ments are involved in the proliferative process 
seen in agnogenic myeloid metaplasia, one or 
more cell types may be increased out of propor- 
tion to the others. Such a disturbance in normal 
cell ratios varies not only in different patients 
but in the several sites of extramedullary hemo- 
poiesis which may be present in a single indi- 
vidual. This variability in proliferative activity 
undoubtedly accounts in part for differences in 
clinical manifestations. The normal hepatic 
architecture is usually not altered, and although 
it has been stated that there are no cellular in- 
filtrates in the portal areas or vessel walls, !8 others 
have reported hemopoiesis in the portal areas as 
well as in the sinusoids.'!? When myelopoiesis is 
present in the nodes there is usually no definite 
structural derangement. Although considerably 


less frequent in occurrence, myelopoiesis has been 
noted in the kidneys, lungs, adrenals, ovaries, 
and gastrointestinal tract. 

The bone marrow findings have been reported 
as hypercellular, normal, hypocellular and, most 
commonly, fibrotic but without evidence of 
leukemia or proliferation of a single immature 
cell type. The last finding in a patient suspected 
of having leukemia should immediately suggest 
the possibility of myeloid metaplasia. The dis- 
parity between marrow aspirations and tissue 
biopsies and the importance of examining histo- 
logic sections in order to evaluate the status of 
marrow activity has been frequently stressed. 
Churg and Wachstein?* reviewed the marrow 
findings in ninety-seven cases of leukemia and 
noted myelofibrosis of varying degrees without 
osteosclerosis in six patients with granulocytic 
leukemia. It was their conclusion that myelo- 
fibrosis is apparently not uncommonly associated 
with leukemia but osteosclerosis occurs very 
rarely if at all. 

With respect to pathogenesis, Wyatt and 
Sommers!* reviewed reports of 129 cases in the 
literature and noted that nine authors regarded 
the disease as a form of leukemia, twenty-nine 
thought it was a reactive process but not 
neoplastic, and twelve others were undecided 
as to etiology. The differences between myeloid 
metaplasia and chronic granulocytic leukemia 
have been discussed and in our opinion the 
former should be considered a specific entity 
and not merely a variant of granulocytic 
leukemia. 

Hemopoiesis in the lower vertebrates is ex- 
clusively extramedullary** and in the early 
developmental stages of the human embryo is a 
function of the connective tissue or mesenchyme. 
Erythrocytes are first formed in the blood islands 
of the yolk sac, followed by active hemopoiesis 
in the liver, spleen and lymph nodes. In human 
beings, intramedullary blood formation has 
its onset at about the fifth month of gestation 
and at the eighth month the marrow is the 
principal site of granulopoiesis and erythro- 
poiesis. Splenic hemopoiesis gradually subsides 
and at birth functional extramedullary blood 
formation, except for lymphocytes and probably 
monocytes, no longer exists. The multipotential 
mesenchymal cells persist throughout life not 
only in bone marrow but in the spleen, liver, 
lymph nodes and elsewhere as a part of the 
reticuloendothelial system. These cells normally 
remain quiescent but they retain their embryonic 
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potentialities and under a variety of stimuli are 
capable of resuming active hemopoiesis. The 
spleen, therefore, is an important site of 
blood cell formation both in phylogenesis and 
ontogenesIis. 

Extramedullary hemopoiesis may occur in a 
wide variety of conditions and is especially com- 
mon in children in association with anemia, in- 
fections, erythroblastosis foetalis and other 
conditions of increased demand.” In the adult 
it is seen in many diverse pathologic states 
such as leukemia, hereditary leptocytosis, mye- 
lophthisic anemias associated with metastatic 
neoplasm, pernicious anemia and _ hereditary 
spherocytosis. 

It is possible to produce extramedullary 
myelopoiesis experimentally by a variety of 
methods" including infection, hemolysins such 
as saponin and phenylhydrazine, marrow 
replacement and radiation. The myeloid meta- 
plasia that results is similar histologically to the 
agnogenic type in man and the proliferation of a 
single cell type or the distortion of architecture 
characteristic of leukemia is not seen.?® The 
experimental production of myelofibrosis by 
estrogens'* and the development of myeloid 
metaplasia in the adrenals and spleen following 
prolonged administration of anterior pituitary 
extracts’? may have a bearing on the nature and 
etiology of agnogenic myeloid metaplasia. It 
should also be noted that in vitro cultures of bone 
marrow or leukocytes eventually lose their 
differentiation and become fibroblastic. 

In 1908, Donhauser* propounded the theory 
that in myelosclerosis the bone marrow was the 
primary site of the disease, leading to marrow 
failure with the development of extramedullary 
hemopoiesis as a compensatory mechanism. 
Myeloid metaplasia, however, does not always 
follow bone marrow failure. Notable examples 
of this are aplastic or hypoplastic anemias.”* In 
these conditions extramedullary hemopoiesis 
rarely if ever develops. Myelofibrosis and osteo- 
sclerosis can occur in a number of conditions 
without myeloid metaplasia!* and the picture 
of a myelophthisic anemia is seen in only about 
25 per cent of patients with Albers-Schénberg 
disease.*® Vaughan and Harrison® proposed, in 
1939, that marrow sclerosis and leukoerythro- 
blastic hyperplasia occur simultaneously in 
response to some unidentified stimulus with 
involvement of all cell types derived from the 
primitive mesenchymal reticulum cells of Max- 
imow. They further suggested the possible close 
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relationship between polycythemia vera, mega- 
karyocytic leukemia and what they termed 
myelosclerosis with leukoerythroblastic anemia, 
another designation for agnogenic myeloid 
metaplasia. 

Tuberculosis or other chronic infection or 
exposure to bone marrow toxins have been 
considered of pathogenetic importance. Of the 
original ten cases described by Jackson et al. it 
was later reported*® that six patients had a 
history of exposure to industrial solvents. Wyatt 
and Sommers?!* in their analysis of thirty cases 
proposed that necrosis of partly matured bone 
marrow Cells was the primary lesion followed by 
a reactive overgrowth of the surviving and 
usually more immature cells with the develop- 
ment of extramedullary hemopoiesis and pro- 
liferation of reticulum and stromal cells. They 
concluded that protracted bone marrow ex- 
posure to certain substances normally conjugated 
rapidly in the liver and excreted may be of con; 
siderable etiologic significance. They suggested 
five possible major groups of causative agents; 
namely, extrinsic toxins, liver dysfunction, 
endocrine disease, chronic hemorrhage or 
hemolysis and cardiovascular disease, and pro- 
posed that the protein breakdown products of 
partly mature hemopoietic cells serve as the 
stimulus to hyperplasia of the surviving cells 
and the development of extramedullary hemo- 
poiesis. Peace!* also concluded that the process 
represents a mesenchymal reaction to injury and 
theorized that the common denominator of all 
benign myeloproliferative diseases may be the 
necrosis of immature hemopoietic cells. Dame- 
shek*! has emphasized the probable close 
relationship of myeloid metaplasia of the spleen 
to the myeloproliferative syndromes. 

On the basis of current information, it appears 
more reasonable to consider the myelofibrosis or 
osteosclerosis which is usually present to be part 
of a proliferative disease involving both hemo- 
poietic and stromal cells rather than a reaction 
to marrow failure with compensatory extra- 
medullary hemopoiesis. This concept of a gen- 
eralized myeloproliferative process allows for a 
considerably simplified classification of extra- 
medullary hemopoiesis into two main categories: 
(1) primary, including agnogenic myeloid meta- 
plasia with or without myelofibrosis or osteo- 
sclerosis and marrow sclerosis associated with 
neoplasm but without bone marrow metastases, 
and (2) secondary extramedullary hemopoiesis 
occurring with infections, leukemia, myeloph- 
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thisic anemias, hemolytic anemias, hereditary 
leptocytosis, and the like. 


REVIEW OF CASES 
Clinical Manifestations. In an attempt to 
define more clearly the clinical picture of this 


TABLE I 
AGE AT TIME OF DIAGNOSIS 


Age Patients 


(yr.) (no.) 


37 
40-49 
50-59 
60-69 
70-79 
80 


interesting disorder we have reviewed all cases 
of agnogenic myeloid metaplasia diagnosed at 
University of Michigan Hospital through June, 
1955. Fifty-six patients have been so classified in 
the past thirteen years. Prior to the early 1940’s 
cases were coded under a variety of diagnoses 


TABLE 1 
SYMPTOMS PRESENT IN FIFTY-SIX PATIENTS AT TIME 
OF DIAGNOSIS 


| 
No 


| 
| Mini- | Moder- I 
Record 


mal ate 


Symptoms Severe | Absent 


Weakness 

Pressure symptoms sec- 
ondary to splenomegaly | 

Weight loss. . 

Dyspnea. . 

Night sweats 

Bone pain. . 

Bleeding. . 

Fever... 

Hypermetabolism. . . 


and have not been included in this series, al- 
though the presence of myeloid metaplasia ap- 
peared quite evident in many instances. 

Our series consists of twenty-nine men and 
twenty-seven women. All were Caucasian. The 
age at the time of diagnosis ranged from thirty- 
seven to eighty years with a median of 62.5 and 
an average of 60.4 years. (Table 1.) Their oc- 
cupations were varied. There are twenty-four 
patients still alive, seventeen are dead and the 
present status of fifteen is unknown. 

The duration of symptoms at the time of diag- 
nosis varied from two to two hundred four 


months with an average of thirty-seven months. 
The initial complaint was weakness or ease of 
fatigue in twenty-nine patients, pressure from or 
knowledge of an enlarged spleen in fourteen, 
bone pain in five, weight loss in two, abnormal! 
bleeding in one, dyspnea in one, night sweats in 


TABLE UI 
PHYSICAL FINDINGS IN FIFTY-SIX PATIENTS AT TIME 
OF DIAGNOSIS 


No 


Absent 
Record 


Physical Findings Present 


Splenomegaly... . 
Hepatomegaly. . . 
Peripheral edema 
Cardiomegaly 

Petechiae or purpura 

Bone tenderness..........| 
Enlargement of nodes... .. | 
Jaundice 

Ascites 


* Three patients were postsplenectomy with reported 
splenomegaly prior to surgery. 

t Although the spleen was not palpable, enlargement 
was demonstrated by x-ray. 


one and three were asymptomatic, spleno- 
megaly having been discovered during a periodic 
health examination. Symptoms present at the 
time of diagnosis and the degrees of their severity 
are shown in Table u. 

The significant physical abnormalities found 
on the initial examination are listed in ‘Table m1. 
The patient without palpable splenic enlarge- 
ment had evidence of an enlarged spleen on 
roentgenogram. Three patients had reported 
splenomegaly before splenectomy, performed 
prior to our initial examination. In twenty-one 
of the fifty-three patients in whom the spleen 
was retained, the organ was palpable 5 to 10 cm. 
below the left costal margin, 10 to 15 cm. in 
fourteen, 15 to 20 cm. in four, over 20 cm. in ten 
and less than 5 cm. in only three. The hepatic 
enlargement was greater than 10 cm. below the 
right costal margin in only seven instances. Of 
the three patients with significant enlargement of 
the peripheral nodes, one had slight and one 
moderate generalized adenopathy and one had 
only enlarged inguinal nodes. Only two patients 
were noted to be emaciated or cachetic, seven- 
teen were undernourished, thirty well nourished 
and seven were obese. 
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is) 
1 
14 55" 0 
23 50 6 0 
9 15 41 0 
1 14 42 0 
9 47 0 
6 49 l 
3 53 0 
3 53 0 
2 54 0 
22 22 5 7 0 
21 14 7 14 0 
16 13 13 13 1 
16 6 1 33 0 
14 6 1 32 3 
8 7 4 37 0 
11 2 4 38 1 
8 2 0 44 2 
6 3 0 41 6 


Agnogenic Myeloid Metaplasia 


Significant associated diagnoses are shown in 
Table tv. It is of interest that none of these 
fifty-six patients had tuberculosis, only two had 
neoplasms (in both instances carcinoma of the 
prostate) and five (8.9 per cent) had a previous 
diagnosis of polycythemia vera. Review of the 


TABLE IV 
ASSOCIATED PRESENT OR PRIOR DIAGNOSES 


None 
Cholelithiasis and/or cholecystitis 
Polycythemia vera. . 

Diabetes mellitus....... 
Carcinoma (prostate) 

Organic heart disease... . 

Gout 

Syphilis . 


NM Ww Ww 


family histories of these patients yielded little 
information. In eight patients there was a family 
history of a blood disorder including one instance 
of leukemia and one of anemia and an enlarged 
spleen. 

In view of the possible role of bone marrow 
toxins, such as industrial solvents, in the develop- 
ment of agnogenic myeloid metaplasia, special 
attention was paid to this point. In some in- 
stances the records were not sufficiently informa- 
tive to exclude contact with such agents but in 
any event there was a history of questionable 
slight exposure in only five patients. Perhaps of 
some interest is the fact that one patient, when a 
young man, had been employed for several years 
as an x-ray technician. 

Laboratory Findings. The peripheral blood 
findings at the time of diagnosis are summarized 
in Table v. The majority of the patients had 
moderate or severe anemia, which was usually 
normocytic and normochromic. The leukocyte 
count was extremely variable, higher than 
normal values prevailing. We have not observed 
leukocyte counts above 82,750 per cu. mm. at 
any time during the course of the disease. ‘There 
were only eight patients without immature 
granulocytes in the peripheral blood and thirty- 
four had either myeloblasts or progranulocytes 
or both. Eight patients demonstrated eosino- 
philia, six an increase in basophils and seven 
monocytosis. Heavy toxic granulation of the 
neutrophils was noted in seven. There were 
abnormal monocytes in eight, abnormal lympho- 
cytes in three, plasmocytes in three and hemo- 
histiocytes were recorded in the peripheral blood 
of ten patients. 
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TABLE V 
SUMMARY OF PERIPHERAL BLOOD FINDINGS IN 
FIFTY-SIX PATIENTS 


No. of 


Blood Findings Patients 


Hemoglobin (gm. %) 


Range 5-14 
Average 9.7 

Mean corpuscular volume (cu. microns) 
Normal... 


Range 71-103 
Average 88 

Mean corpuscular hemoglobin concentration (%) 


White blood count (per cu. mm.) 
Leukopenia 
Leukocytosis 
Range 1,200—45,800 
Average 12,900 
Myeloblasts and/or progranulocytes 
Range 0—2,790 per cu. mm. 
Average 395 per cu. mm. 
Myelocytes and/or metamyelocytes............ 
Range 0—9,746 per cu. mm. 
Average 1,440 per cu. mm. 
Band and segmented neutrophils.............. 
Range 516—38,930 per cu. mm. 
Average 8,169 per cu. mm. 
Anisocytosis and poikilocytosis 
Absent 


Moderate... . 
Marked 
Nucleated erythrocytes (per 100 white blood cells) 


10 or more 
Platelets 
Decreased: 
Markedly 
Moderately 
Slightly 
Normal 
Increased: 
Slightly 
Markedly 


& 
111 
6 11-12.9 
20 
6 
30 
34 
48 
56 
0 
24 
30 
Present. ... 
3 
2 
4 
13 
5 
14 
11 
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Poikilocytosis characterized by numerous 
elongated, teardrop and comma forms, and 
accompanied by appreciable anisocytosis, are 
findings of considerable diagnostic importance in 
agnogenic myeloid metaplasia and have not 
received the attention in the literature which 


TABLE VI 
TYPES OF THERAPY AND NUMBER OF CASES 
IN WHICH EMPLOYED 


Prior to F 
‘ or 
Diagnosis of | . 
. | Agnogenic 
Therapy Agnogenic | Myeloid 
Myeloid | 


Metaplasia Metaplasia 


Transfusions only 
Corticosteroids 

Splenic radiation 
Splenectomy 

Radioactive phosphorus. . . 
Fowler’s solution 

Nitrogen mustard 
Triethylene melamine... . 
Urethane 


they deserve. These red cell changes were present 
in every instance. Nucleated erythrocytes were 
noted in the peripheral blood in the majority of 
the patients. Although usually found in small 
numbers, one patient reached a level of over 
1,000 nucleated erythrocytes per 100 leukocytes. 
The reticulocyte count was less than 3 per cent 
in sixteen patients, between 3 and 10 per cent in 
thirty-seven and above 10 per cent in three. Red 
cell fragility tests were not done in a sufficient 
number of instances to be of any import, al- 
though decreased resistance to hypotonic salt 
solution was noted in two patients with super- 
imposed hemolysis. 

The platelets presented distinct abnormalities. 
Although there are numerous reports of throm- 
bocytopenia accompanying agnogenic myeloid 
metaplasia, in our series thrombocytosis was 
more commonly encountered. Furthermore, the 
platelets were large and of bizarre appearance 
in nearly every instance. 

Specimens obtained by bone marrow aspira- 
tion were hypocellular in fifty-two of the fifty-six 
patients. In the remainder there was either nor- 
mal or increased cellularity, but in only two 
instances was there a distinct relative and abso- 


lute increase in granulocytic elements such as 
characterizes chronic granulocytic leukemia. 
In many patients there were large masses of 
platelets in the bone marrow aspirate without 
a proportional increase in megakaryocytes. 
Bone marrow trephines or biopsies were per- 
formed on fifteen patients and the specimens 
were hypocellular in twelve, usually with in- 
creased marrow fibrosis. 

Splenic cytologic material had been obtained 
in thirty-six patients; by needle aspiration in 
thirty-two, by laparotomy with biopsy in one 
and by splenectomy in three. Myelopoiesis was 
demonstrated in all but one instance. Although 
splenic cytology in this patient appeared to be 
essentially normal, all other findings as well as 
the subsequent course have been compatible 
with the diagnosis of myeloid metaplasia. Biop- 
sies of the liver were performed on three patients, 
with demonstration of active hemopoiesis in two. 
Biopsies of lymph nodes were carried out in two 
patients and one of these specimens showed ex- 
tramedullary myelopoiesis. 

Roentgenographic skeletal surveys were car- 
ried out in thirty-two patients and in eight 
increased bone density was demonstrated. ‘The 
total serum bilirubin was below 0.5 mg. per cent 
in twenty-two of forty-seven patients in whom 
the values were obtained, between 0.5 and 1.0 
mg. per cent in seventeen, 1.0 and 2 mg. per cent 
in six, and over 2 mg. per cent in two. In one pa- 
tient there was an increase above 5 mg. per cent. 
Urine urobilinogen was determined in thirty 
patients and was normal in twenty, slightly 
elevated in nine and slightly decreased in one. 
Plasma protein levels were determined in nine- 
teen patients and were normal in seven. The 
plasma globulin was elevated in four, and there 
was decreased albumin with normal globulin in 
seven. In one the total was reduced but fraction- 
ation was not done. Other blood chemistry 
values such as serum calcium, phosphorus and 
alkaline phosphatase were not obtained in a 
sufficient number of patients to be of significance. 
Tests for incomplete antibodies, including direct 
and indirect Coombs’ tests, were negative in the 
twenty-three patients on whom these procedures 
were performed. 

Treatment. The treatment of the fifty-six 
patients with agnogenic myeloid metaplasia has 
varied considerably. The number of instances 
and types of treatment employed are shown in 
Table vi, and the results of treatment in ‘Table 
vu. It is, of course, difficult to evaluate the effects 
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of therapy in a group of patients presenting such 
diverse symptoms and signs. An effort was made 
to determine the major cause of disability in each 
patient. The findings are listed in Table vu. It 
can be seen that in the symptomatic patients, 
anemia and massive splenomegaly were the 


TABLE VIi 
RESULTS OF %2EATMENT 


No significant change 
Marked improvement... . 
Moderate improvement 
Slight improvement. . . 
Condition worsened 


TABLE VII 
MAJOR CAUSE OF DISABILITY 


Bone pain 
Unknown 
No symptoms attributable to myeloid metaplasia. . . 


chief causes of disability. Early in the disease no 
treatment is indicated and in many instances the 
only therapy beneficial throughout the illness is 
transfusions. Although the number of patients is 
small, the best therapeutic results were obtained 
in the group with superimposed hemolysis who 
were treated with corticosteroids. 

Prognosis. Of the fifty-six patients, twenty- 
four are still alive and under observation; the 
present status of fifteen is unknown. Seventeen 
patients are dead, with available necropsy re- 
ports in six. In all instances necropsy findings 
confirmed the diagnosis of agnogenic myeloid 
metaplasia. The total duration of the disease in 
the group followed up to termination ranged 
from twelve to two hundred eight months with 
an average of seventy-two months. These pa- 
tients were followed up from three to one hun- 
dred twelve months after the diagnosis was 
made. The patients still being followed up have 
had the disease from twelve to one hundred 
twenty-one months and have been observed 
from three to one hundred twelve months. A 
considerable variation in the duration of the 
disease is evident and in one female patient 
asymptomatic splenomegaly was known to have 
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Fic. 1. Blood film of the patient described in Case 1 illus- 
trating the variation in size and shape of the erythro- 
cytes; original magnification, X 1,400. 


been present for seventeen years before the diag- 
nosis of myeloid metaplasia of the spleen was 
made. In occasional instances the correct diag- 
nosis was suggested only by the subsequent 
course of the disease following a prior diagnosis of 
early chronic granulocytic leukemia. Re-evalua- 
tion of the patient then substantiated the im- 
pression that the initial diagnosis was in error. 


CASE REPORTS 


The following cases were selected to be described in 
detail as illustrative of the rather diverse clinical mani- 
festations of agnogenic myeloid metaplasia. 


Case. T.H., No. 537603, a forty-seven year old 
male research engineer, was first seen in December, 
1943. He complained of pallor that had been present 
for fifteen years, recurrent pain in the left hip for six 
to eight years, left upper abdominal pain which was 
aggravated by coughing, deep breathing and exertion 
for one year, and ease of fatigue which had been espe- 
cially severe for four months. Physical examination 
demonstrated pallor, minimal cardiomegaly, spleen 
palpable 10 cm. below the left costal margin, and 
liver edge 3 cm. below the right costal margin. The 
hemoglobin was 8.9 gm. per cent, red blood cell count 
3.4 million, hematocrit 28.5 and white blood cell 
count 4,300. The differential revealed myelocytes 5, 
metamyelocytes 25, band neutrophils 22, segmented 
neutrophils 15, prolymphocytes 2, lymphocytes 26 and 
monocytes 5 per cent. There was moderate poikilo- 
cytosis and anisocytosis (Fig. 1), 2 nucleated erythro- 
cytes per 100 leukocytes and moderate thrombocytosis. 
Sternal aspiration yielded a hypocellular specimen 
which consisted chiefly of small basophilic metarubri- 
cytes with many megakaryocytic nuclei. Splenic 
aspirate was cellular with all normal marrow elements 
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Fic. 2. Material obtained by splenic aspiration in Case 
1 demonstrating active erythropoiesis, granulopoiesis 
and thrombopoiesis; original magnification, X 1,400. 


present. (Fig. 2.) Bone x-rays demonstrated gen- 
eralized osteoporosis with distinct coarsening of the 
trabecular pattern of the spine, pelvis, upper femora, 
scapulas, humeri and ribs. Treatment with ferrous 
sulfate, vitamin D and calcium was instituted. The 
patient’s symptoms and physical and laboratory find- 
ings remained essentially unchanged throughout the 
following three years and he received his first blood 
transfusion in February, 1947. A sternal marrow 
biopsy specimen in November, 1946, showed prac- 
tically no cellular marrow with an increase in bone 
and an abnormal pattern of closely compacted 
bony trabeculae with very small marrow spaces. Fol- 
lowing his first transfusion in February, 1947, the pa- 
tient continued essentially in status quo until August, 
1948, when his hemoglobin was 5.6 gm. per cent, white 
blood cell count 4,900 and blood film unchanged over 
the initial examination except for the presence of a 
small number of myeloblasts. At this time his spleen 
was felt 12 cm. below the left costal margin and the 
liver 11 cm. below the right costal margin. A number 
of liver function studies were normal as were serum 
calcium, phosphorus and alkaline phosphatase 
levels. Bone x-rays were unchanged. He received a 
single transfusion at two to six month intervals until 
early 1951 when about five transfusions per month 
became necessary to maintain tolerable erythroid 
values. In the interim he had been treated with folic 
acid, vitamin Bi: and cobaltous chloride without 
improvement. By June, 1951, his spleen had enlarged 
considerably and he complained of increasingly 
severe bone pain. Repeat marrow and splenic aspira- 
tions were essentially unchanged over the findings of 
eight years before. The serum bilirubin was 0.4 mg. 
per cent. Cortisone therapy was instituted in doses of 
300 mg. per day. The only noticeable effect of this 
drug was a slight reduction in the size of the spleen. 
The dosage was decreased after two weeks to 75 mg. 
per day and discontinued two weeks later. Subse- 
quently his erythroid values fell. Cortisone therapy 


was reinstituted and he was given 600 r over the spleen 
during a ten-day period. Following radiation the 
spleen decreased considerably in size. The patient 
was then maintained on frequent transfusions and 
cortisone 75 mg. per day. He continued on this pro- 
gram with transfusions at about weekly intervals and 
was able to resume work. He was last seen in May, 
1952, at which time his spleen was palpable 17 cm. 
below the left costal margin and the white count was 
19,450 with progranulocytes 6, myelocytes 14, meta- 
myelocytes 16, band neutrophils 34, segmented 
neutrophils 11, lymphocytes 2, monocytes 12 and 
basophils 5 per cent. The patient continued to require 
frequent transfusions and died in April, 1953, at 
another hospital. 

Comment. This patient presents the typical clinical 
picture and course of agnogenic myeloid metaplasia 
with its late period characterized by progressive 
anemia and massive splenomegaly. Myelofibrosis and 
myelosclerosis were demonstrated and bone x-rays 
were abnormal. He was treated with both corti- 
costeroids and splenic radiation without significant 
improvement. At no time was there evidence of 
hemolysis, although red cell survival studies were not 
performed. The total duration of his symptoms was 
approximately seventeen years. 


Caseu. S.E., No. 519178, a fifty-three year old male 
clothier, was first seen in January, 1951. Three years 
earlier splenomegaly had been noted on a routine 
physical examination. In late 1949, abnormal cells 
were first seen in the peripheral blood. The patient 
remained entirely asymptomatic, although his spleen 
progressively increased in size, until October, 1950, 
when he began to experience weakness, exertional 
dyspnea, weight loss, afternoon fever and intermittent 
night sweats. He received fourteen transfusions be- 
tween October, 1950 and January, 1951. Three 
weeks after a blood transfusion physical examination 
revealed pallor, icteric scleras, splenomegaly extend- 
ing 16 cm. below the left costal margin and 3 cm. to 
the right of the midline, and a liver edge 4 cm. below 
the right costal margin. The hemoglobin was 7.3 gm. 
per cent, red blood cell count 2.5 million, hematocrit 
23 and white blood cell count 12,600. The differential 
count was myelocytes 2, progranulocytes 2, myelo- 
cytes 3, metamyelocytes 7, neutrophils 75, lympho- 
cytes 8 and monocytes 3 per cent with 8 nucleated 
erythrocytes per 100 leukocytes. The reticulocytes 
were 8 per cent. Rare spherocytes were noted on the 
blood film and the platelets were present in normal 
numbers but were large and bizarre. There was 
marked variation in the size and shape of the red 
cells. The serum bilirubin was 1.0 mg. per cent with 
0.1 mg. per cent as sodium bilirubinate. The urine 
urobilinogen was normal. Cold agglutinins were de- 
monstrable in a 1:1 titer. Sternal aspiration yielded a 
somewhat hypocellular specimen with a relative 
decrease in early granulocytic forms and abnormal 
erythropoiesis with bizarre micrometarubricytes. Rare 
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megakaryocytes were seen. Sternal trephine revealed 
essentially the same picture but with more immature 
granulocytic and erythrocytic elements. Splenic 
aspiration demonstrated active hemopoiesis. Bone 
x-rays revealed spotty demineralization of the femoral 
heads. The red cells showed decreased resistance to 
hypotonic salt solution. 

The patient was given a transfusion of 1,000 ml. of 
whole blood and started on oral cortisone 300 mg. per 
day. After fourteen days the dosage was reduced to 
50 mg. per day. On the larger doses of cortisone his 
hemoglobin increased approximately 2 gm. per cent 
and his spleen decreased moderately in size. Cortisone 
was maintained in doses of 50 to 75 mg. per day 
throughout life. The patient required no transfusions 
from February, 1951, until August, 1952, although 
sixteen transfusions during the four months preceding 
cortisone therapy had been unsuccessful in maintain- 
ing satisfactory erythroid values. Throughout this 
eighteen month period his hemoglobin remained 
between 10 and 11 gm. per cent, the other peripheral 
blood findings were unchanged, and the patient was 
essentially asymptomatic. In late August, 1952, 
fever developed, there was a cough with purulent 
sputum and the patient became stuporous and dis- 
oriented. In spite of massive antibiotic therapy his 
course was progressively downhill and he died on 
September 2, 1952. 

Necropsy revealed an acute fibrinopurulent lobular 
pneumonia. Advanced myelofibrosis was present with 
large primitive reticulum cells. There was active 
hemopoiesis in the spleen, liver and lymph nodes. The 
spleen weighed 3,300 gm. and showed nearly com- 
plete loss of the follicles with active granulopoiesis and 
erythropoiesis and numerous megakaryocytes. Some 
retroperitoneal nodes demonstrated numerous large 
primitive mononuclear cells with a neoplastic 
appearance. 

Comment. This case illustrates the clinical picture of 
agnogenic myeloid metaplasia with superimposed 
hemolysis. The latter was well controlled with main- 
tenance cortisone therapy in small doses until the 
terminal acute pneumonia. The necropsy findings, 
although not typical of leukemia, are very suggestive of 
a neoplastic process and would seem compatible with 
the concept that agnogenic myeloid metaplasia is a 
myeloproliferative disorder with certain distinct 
characteristics. 

Case m. O.DEP., No. 268957, a fifty-two year old 
male violinist, was first seen in January, 1948. Two 
years earlier a diagnosis of gastric ulcer was made and 
he responded well to treatment. In June, 1946, he 
noted a left upper abdominal mass and the onset of 
weight loss, weakness and ease of fatigue. These symp- 
toms gradually increased in severity. He denied 
jaundice but had noted intermittently dark urine. 
He had never had a transfusion. On his initial 
examination the spleen extended 11 cm. below the 
left costal margin. The liver was not palpable 
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and the remainder of the physical examination was 
non-contributory. 

The hemoglobin was 8.1 gm. per cent, red blood 
cell count 2.6 million, hematocrit 25 and white blood 
cell count 9,600. The differential revealed myelo- 
blasts 1, progranulocytes 1, myelocytes 1, metamyelo- 
cytes 4, band neutrophils 16, segmented neutrophils 
63, lymphocytes 3, monocytes 3, basophils 7 and 
plasmocytes 1 per cent. There was extreme variation 
in the shape and size of the red cells and spherocytes 
were present. The platelets were moderately increased 
in number and were large and bizarre. Two nucleated 
red cells per 100 white cells were seen and the reticulo- 
cytes were 10 per cent. The red cells showed increased 
fragility in hypotonic salt solution. The serum bili- 
rubin was 0.61 mg. per cent. Sternal aspiration 
revealed a diffusely cellular marrow with active 
myelopoiesis but nothing to suggest a leukemic 
process. Splenic aspiration demonstrated active 
hemopoiesis. 

The patient received periodic transfusions and re- 
mained in fair health until August, 1949, when he was 
rehospitalized complaining of an increasing need for 
transfusions. He was slightly icteric and the physical 
examination was otherwise unchanged except for a 
liver edge palpable 7 cm. below the right costal 
margin. The peripheral blood findings were essen- 
tially those recorded at the time of diagnosis. The 
serum bilirubin was 1.3 mg. per cent with 1.2 mg. per 
cent in the indirect or bilirubinglobin form. An at- 
tempted sternal aspiration was unsuccessful but 
sternal trephine gave a specimen with a gross fibrotic 
appearance which was quite hypocellular. Mega- 
karyocytes were present. The patient was maintained 
on increasingly frequent transfusions until June, 1951, 
when he was given splenic radiation and started on a 
regimen of cortisone which was continued in a dosage 
of 50 mg. daily throughout the remainder of life. On 
this program the size of the spleen decreased and there 
was a sharp reduction in his transfusion requirements. 
He continued in relative comfort until December, 
1952, when he died in another hospital with a re- 
activated peptic ulcer and acute terminal pneumonia. 

Comment. This patient, as the patient in Case n, 
had hemolysis as the major manifestation of his dis- 
ease. Although he was given splenic radiation at the 
same time the cortisone therapy was started the per- 
sistent improvement over the next eighteen months 
would point to cortisone as the responsible therapeutic 
agent. Another patient with agnogenic myeloid 
metaplasia and superimposed hemolysis (W. L. 
No. 706297) has now been maintained on cortisone 
50 mg. per day for four years without transfusions or 
other therapy. He has remained active and relatively 
free of symptoms. 


Case tv. W. O., No. 726478, a fifty-nine year old 
male furniture salesman, noted the onset of pain in 
the lower part of his back in November, 1951. One 
month later he experienced pain in both tibias, 
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knees, ankles and hips with slight fever and exertional 
dyspnea. He was found to be anemic and received six 
transfusions prior to his first examination by us in 
April, 1952. 

Bone pain remained as his chief complaint. Physical 
examination revealed the spleen and liver edges to be 
palpable 5 and 4 cm. below the left and right costal 
margins respectively and moderate pitting edema of 
the lower extremities. The hemoglobin was 11.4 gm. 
per cent (his last transfusion was three weeks before 
this examination), red blood cell count 3.9 million, 
hematocrit 39 and white blood cell count 7,200. 
There were myelocytes 2, metamyelocytes 1, band 
neutrophils 2, segmented neutrophils 62, lymphocytes 
24, monocytes 8 and eosinophils 1 per cent. One 
nucleated erythrocyte was seen per 100 leukocytes and 
red cells demonstrated extreme anisocytosis and poi- 
kilocytosis. The platelets were 226,200 per cu. mm. 
and the reticulocytes were 4.2 per cent. Certain liver 
function studies were normal. The alkaline and acid 
phosphatase levels of the serum were 56.0 and 1.2 
King-Armstrong units respectively. Serum calcium 
and inorganic phosphorus values were 8.8 and 2.4 mg. 
per cent. Bone x-rays showed increased density in all 
visible bones with a tendency toward obliteration of 
the medullary canals and thickening of the cortex. 
These findings were not present on previous roent- 
genograms obtained in January, 1952. 

Both sternal aspiration and trephine biopsy speci- 
mens were obtained and revealed very dense bone 
with striking hypocellularity. Splenic aspiration 
demonstrated active hemopoiesis with all types of 
developing myeloid cells. 

Only symptomatic treatment was advised and the 
patient died at another hospital in late October, 1952, 
about one year after the onset of symptoms. Autopsy 
revealed carcinoma of the prostate with extension to 
the pelvic organs and metastases to the retroperitoneal 
nodes, left adrenal gland and dura mater. There was 
extensive sclerosis of the bone marrow. 

Comment. Although the clinical and laboratory 
findings were entirely compatible with agnogenic 
myeloid metaplasia, the patient died with a carcinoma 
of the prostate. Metastases were present elsewhere 
but there was no evidence of metastases to bone mar- 
row either at the time of diagnosis or at autopsy eight 
months later. Advanced sclerosis of the marrow cavity 
was present, and the case appears to be an example of 
myeloid metaplasia associated with neoplasm and 
osteosclerosis, but without involvement of the marrow 
by the neoplastic process itself. Since the findings 
were not those of myelophthisic anemia associated 
with metastatic bone marrow involvement, it seems 
justifiable to include this case in the myeloid meta- 
plasia series. The association between the malignancy 
and the extramedullary hemopoiesis cannot be clearly 
defined and the coincidental occurrence of dis- 
seminated carcinoma in a patient with otherwise 
‘‘typical”’ agnogenic myeloid metaplasia must be con- 


sidered. ‘The bone changes apparent on roentgen films 
were generalized and were interpreted as osteosclerosis 
and not metastases to the bone. The only other patient 
in our series with recognized associated neoplasm also 
has a carcinoma of the prostate. He is still alive and 
has not demonstrated the bone abnormalities on x-ray 
seen in the patient described above. 


Case v. L. B., No. 342132, was a fifty year old 
male laborer in whom the diagnosis of myeloid 
metaplasia was made in July, 1950. He was first seen 
at University Hospital in 1934 and again in 1944 for 
treatment of syphilis of the central nervous system. 
His hemogram on the latter date was entirely normal. 
He was not seen again until July, 1950, when he 
returned complaining of weakness and ease of fatigue 
during the preceding eighteen months and a progres- 
sive increase in the size of his abdomen with a left 
upper abdominal mass of twelve months’ duration. 
Physical examination revealed an undernourished 
white man with primary optic atrophy and Argyll 
Robertson pupils, and slight cardiomegaly. The spleen 
extended 7.5 cm. and the liver 13 cm. below the left 
and right costal margins, respectively. 

The hemoglobin was 9.0 gm. per cent, red blood cell 
count 3.8 million, hematocrit 28 and white blood cell 
count 44,300. All “‘leukocyte’’ hemocytometer counts 
were corrected for the number of nucleated erythrocytes. 
The differential revealed myelocytes 18, metamyelo- 
cytes 4, band neutrophils 3, segmented neutrophils 
30, eosinophils 15, lymphocytes 18 and monocytes 
12 per cent. There was severe toxic granulation of the 
neutrophils. Anisocytosis, poikilocytosis and 246 
nucleated erythrocytes per 100 white cells were ob- 
served. The Kahn serologic reaction was negative. 
The serum bilirubin was 0.7 mg. per cent, gamma 
globulin 43 units, bromsulphalein test 9 per cent 
retention of dye at the end of forty-five minutes, and 
the total serum proteins were 8.2 gm. per cent with 
3.4 gm. per cent albumin and 4.8 gm. per cent globu- 
lin. Roentgenographic skeletal survey was negative. 

Sternal aspiration yielded a diffusely cellular speci- 
men without clumps. The erythroid : granulocyte ratio 
was ‘1:1 and all stages of erythropoiesis were repre- 
sented with rubricytes and metarubricytes predomi- 
nating. Granulopoiesis was without maturation defect. 
Splenic aspiration demonstrated chiefly splenic 
lymphocytes. Fibroblasts and fibrocytes were present, 
plus a few metarubricytes, but the aspirated material 
was not considered diagnostic of myeloid metaplasia. 
Surgical biopsies of the liver and spleen were per- 
formed with the latter showing active hemopoiesis 
without evidence of neoplasm. Increased numbers of 
granulocytes were noted in the liver sinusoids and 
portal canals. An omental lymph node showed only a 
somewhat atypical hyperplasia. 

The patient was given a transfusion. His clinical 
status and findings remained essentially unchanged. 
In July, 1951, his white count was 62,880 and there 
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were 259 metarubricytes and 6 rubricytes per 100 
leukocytes in the peripheral blood. The differential 
count was as before but the platelets had dropped to 
90,000, and they were large and atypical in appear- 
ance. The reticulocytes were 7.1 per cent. Direct and 
indirect Coombs’ tests were negative and incomplete 
antibodies could not be demonstrated by other 
methods. Treatment was begun with cortisone 300 
mg. daily. His hemoglobin increased from 11 to 
13.5 gm. per cent, platelets from 72,000 to 179,400 
and his white count fell from 74,700 to 31,870. After 
fifteen days, cortisone was reduced to 75 mg. per day 
and continued until February, 1952, when it was 
stopped because of a pyogenic pulmonary infection. 
At that time his white count was 29,920 and there were 
1,063 nucleated erythrocytes per 100 leukocytes in the 
peripheral blood. The patient failed to return and he 
died elsewhere in February, 1954. The circumstances 
surrounding his death and the clinical course in the 
intervening two years are unknown. 

Although the follow-up in this patient is 
incomplete, his case is described in some detail because 
of the markedly disturbed erythropoiesis, the periph- 
eral blood nucleated erythrocyte count far exceeding 
the leukocyte count. At no time could a diagnosis of 
leukemia be established. The erythrocytic findings in 
this patient apparently represent a variant of a gen- 
eralized myeloproliferative process with altered eryth- 


Comment. 


ropoiesis as a dominant feature. 

Case vi. O.L., No. 414790, was a male pharma- 
cist who was first seen in 1937 at the age of thirty- 
seven when a diagnosis of polycythemia vera was 
made. The red count was 6.04 million, hemoglobin 
18.0 gm. per cent, and white count 28,600. The 
platelets were slightly increased in number and were 
large. His spleen was palpable 4 cm. below the left 
costal margin. No treatment was advised and he was 
not seen again for ten years when he reported that 
except for some decrease in his general strength he 
had been essentially well. He had, however, noted 
some increase in the size of his spleen. He had never 
received treatment for polycythemia vera. The spleen 
at that time was palpable 4 cm. below the umbilicus 
and 1 cm. to the right of the midline, and the liver 
edge descended 4 cm. The hemoglobin was 13.1 gm. 
per cent, red blood cell count 4.7 million, hematocrit 
41 and white blood cell count 24,300. There was 
extreme poikilocytosis, the platelets were large and 
moderately increased in number and the differential 
count revealed myelocytes 2, metamyelocytes 4, 
band neutrophils 31, segmented neutrophils 54, 
lymphocytes 4, eosinophils 1 and basophils 4 per cent. 

Sternal aspiration produced a hypocellular speci- 
men with few megakaryocytes but many large clumps 
of platelets. Splenic aspiration demonstrated active 
granulopoiesis and erythropoiesis plus large numbers 
of platelets with some megakaryocytic nuclei and 
fragments. 
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No treatment was advised and when next examined 
in December, 1948, he had continued asymptomatic 
and the physical and laboratory findings were essen- 
tially unchanged except for scleral icterus, a moderate 
reticulocytosis and a serum bilirubin of 2.6 mg. per 
cent. 

The patient was not seen again until February, 
1955 (six years later). He had continued to work daily 
but for two to three years had noted exertional 
dyspnea and ankle edema and for three months had 
been aware of progressive enlargement of his spleen 
with discomfort in the left side of the abdomen. He 
had had no blood counts, transfusions or other therapy 
since his last examination in 1948. He was thin and 
pale and had icteric scleras, moderate pitting 
edema of both lower extremities, and the spleen was 
palpable 25 cm. below the left costal margin and ex- 
tended 5 cm. to the right of the midline. The liver was 
not palpable. 

His hemoglobin then was 4.4 gm. per cent, red 
blood cell count 2 million, hematocrit 19 and white 
blood cell count 16,300. The differential count showed 
myeloblasts 3, progranulocytes 2, myelocytes 6, meta- 
myelocytes 3, band neutrophils 14, segmented neutro- 
phils 50, lymphocytes 10, monocytes 4, eosinophils 3 
and basophils 5 per cent. The platelets were slightly in- 
creased in number, the reticulocytes were 5 per cent 
and there was striking variation in the size and shape 
of the erythrocytes. The serum bilirubin was 1.7 mg. 
per cent with 1.6 mg. per cent in the indirect fraction. 
Direct and indirect Coomb’s tests were negative 
and incomplete antibodies were not otherwise 
demonstrated. 

Hospitalization for transfusions and the institution 
of corticosteroid therapy was advised but the patient 
refused. He was next seen in October, 1955, when he 
stated that following his last examination he had 
started to take cortisone in a dosage of 75 mg. per day. 
He noted symptomatic improvement and there was 
a reported increase in his erythroid values. After two 
months symptoms developed apparently due to 
electrolyte imbalance and fluid retention and he dis- 
continued the cortisone, with return of weakness, 
anorexia and weight loss. Physical examination and 
the peripheral blood findings in October, 1955, were 
essentially unchanged over those present eight months 
before. The serum bilirubin was 2.0 mg. per cent with 
1.7 mg. per cent in the indirect fraction. The fecal 
urobilinogen excretion was 472 mg. per twenty-four 
hours. Decreased red cell survival was demonstrated 
by the radioactive chromium technic. 

The patient refused any medication other than 
blood transfusions and left the hospital against 
advice. 

Comment. This case is described as an instance of 
agnogenic myeloid metaplasia evolving from poly- 
cythemia vera, a transition which has been frequently 
mentioned in the literature. The case also illustrates 
the lengthy course so often seen in myeloid metaplasia 
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Fic. 3. Case vu. Brilliant cresyl blue blood film counter- 
stained with Wright’s stain. Note the increase in throm- 
bocytes, their large size and bizarre appearance; original 
magnification, 1,400. 


during which the patient requires no treatment and 
remains essentially without symptoms. It has been 
stated that in 10 to 20 per cent of patients with poly- 
cythemia vera myeloid metaplasia** will eventually 
develop. The patient just described is one of five 
patients in our series of fifty-six who had a previous 
diagnosis of polycythemia vera. 


Case vi. J. S., No. 804663, a sixty-four year old 
housewife, was seen initially in February, 1955. She 
had had known hypertension for seventeen years and 
ten years ago noted the onset of intermittent left upper 
abdominal pain. Roentgen examination at this time is 
reported to have shown splenic enlargement but blood 
studies were not done. In early 1953, the spleen was 
palpable and anemia was found. The patient was 
given 500 ml. of whole blood and her spleen was 
removed at another hospital in February, 1953. She 
was asymptomatic following splenectomy until June, 
1954, when she fell and fractured the transverse 
process of L5. Subsequently pedal edema and 
albuminuria developed and she was referred to Uni- 
versity Hospital for evaluation. She reported a 20 
pound weight loss over the past year and minimal 
tiredness and ease of fatigue since June, 1954. Her 
blood pressure was 210/100, there was a grade II 
hypertensive retinopathy, a moderate degree of pre- 
tibial edema, and the liver was felt 8 cm. below the 
right costal margin. 

The hemoglobin was 10.4 gm. per cent, red blood 
cell count 3.4 million, hematocrit 34 and white blood 
cell count 25,250. The differential count showed 
myelocytes 1, metamyelocytes 1, band neutrophils 16, 
segmented neutrophils 52, lymphocytes 24 and eosino- 
phils 6 per cent. Platelets were tremendously increased 
in number and were large and bizarre in appearance. 
(Fig. 3.) There was an unusual degree of anisocytosis 
and poikilocytosis. The reticulocytes were 1.2 per cent 


and there were 2 nucleated red cells per 100 leuko- 
cytes. The serum bilirubin was 0.2 mg. per cent and 
the total serum proteins were 5.4 gm. per cent with 
2.9 and 2.5 gm. per cent in the albumin and globulin 
fractions respectively. Bone x-rays were normal. 
Sternal aspiration resulted in a specimen with very 
poorly represented granulopoiesis and erythropoiesis 
but with huge platelet masses and scattered intact 
megakaryocytes. (Fig. 4.) Sections of the spleen 
removed two years before were obtained. The spleen 
weighed 808 gm. and the microscopic examination 
showed active hemopoiesis. The changes were com- 
patible with the diagnosis of agnogenic myeloid 
metaplasia without evidence of leukemia. The patient 
is essentially asymptomatic as far as her myeloid meta- 
plasia is concerned but because of the extreme 
thrombocytosis she was treated with radioactive 
phosphorus. A slight decrease in platelets ensued 
although sufficient time has not elapsed to allow 
evaluation of the treatment. 

Comment. This patient is one of three currently 
under observation who have had splenectomy. She 
has not demonstrated any adverse effects in the nearly 
three-year period since the removal of her spleen and, 
although she is a candidate for potential difficulties 
because of the thrombocytosis, her myeloid metaplasia 
must be considered asymptomatic. Thrombocytosis 
has been of common occurrence in our patients with 
myeloid metaplasia but the most striking increases in 
platelets have been noted in the three splenectomized 
patients. 


DISCUSSION 


The information obtained from a group of 
fifty-six patients with agnogenic myeloid meta- 
plasia of the spleen permits the formulation of a 
composite clinical picture, subject to wide indi- 
vidual variations. A long history of symptoms 
referable to anemia or to pressure from a mas- 
sively enlarged spleen is characteristic. Pallor, 
splenomegaly and, usually, hepatomegaly, but 
without significant enlargement of the periph- 
eral nodes, are the principal physical findings. 

Examination of the peripheral blood usually 
reveals a moderately severe normocytic, normo- 
chromic anemia with slight leukocytosis. Leuko- 
penia is not infrequent and, while the total 
leukocyte count may be moderately elevated, 
levels commonly associated with chronic granu- 
locytic leukemia are not ordinarily reached. 
Immature granulocytes, including myeloblasts 
and progranulocytes in small numbers, are, as a 
rule, present in the peripheral blood. Nucleated 
erythrocytes, in most instances, are found in 
small numbers although, as in Case v, they may 
be exceedingly numerous. A slight reticulocytosis 
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Fic. 4. The large platelet masses obtained by sternal marrow aspiration in Case vm; 


original magnification, XK 300. 


is commonly seen even in the absence of evident 
hemolysis. | 

The erythrocytes demonstrate anisocytosis and 
bizarre variation in shape which is nearly always 
moderate to marked in degree. The changes in 
the red cells are often sufficient to suggest the 
diagnosis. It is tempting to attribute them to 
the extramedullary erythropoiesis. However, it 
seems more likely that the anisocytosis and poi- 
kilocytosis represent a manifestation of an 
abnormal proliferative process. The thrombo- 
cyte abnormalities are equally conspicuous. 
Platelets are frequently increased in number and 
occasionally to markedly elevated levels. Asso- 
ciated with the thrombocytosis is an abnormal 
morphology of the platelets, which also is prob- 
ably best explained on the basis of a myelo- 
proliferative disorder. 

Examination of the bone marrow is essential 
in differentiating agnogenic myeloid metaplasia 
from chronic granulocytic leukemia. Marrow 
biopsy, as by a trephine needle instrument, 
often is more informative than aspiration alone. 
In agnogenic myeloid metaplasia the marrow is 
usually hypocellular and is frequently fibrotic 
but a specimen of normal or even increased 
cellularity is not incompatible with the diagnosis. 
Of more importance in differentiation is the 
absence of maturation defect or proliferation 
of an immature precursor of a single cell type. 
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The frequent occurrence of large platelet masses 
in the marrow specimen deserves emphasis. 

The demonstration of hemopoiesis in the 
spleen is required to establish with certainty the 
diagnosis of agnogenic myeloid metaplasia. In 
many instances, however, splenic aspiration or 
biopsy serves solely as confirmatory evidence and 
if such a procedure appears inadvisable for any 
reason a presumptive diagnosis may still be made 
on the basis of other findings. Continued ob- 
servation in such cases is of the highest impor- 
tance. Since confusion is most likely to arise 
between agnogenic myeloid metaplasia and early 
chronic granulocytic leukemia, the evolution of 
the latter illness will reveal the true diagnosis 
before the patient has been deprived of the 
benefit of specific antileukemic therapy. The 
potential dangers of the use of antileukemic 
agents in patients with agnogenic myeloid 
metaplasia should be recognized. 

The treatment of myeloid metaplasia varies 
according to the major manifestations of the 
disease and must be individualized. In many 
instances only transfusions are indicated. Splenic 
radiation and splenectomy are not necessarily 
as noxious to the patient as was once thought. 

In our series there are three patients who are 
surviving at eighteen, thirty-two and thirty-six 
months after splenectomy without either ap- 
parent beneficial or adverse effects, but with 
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greatly increased platelet counts. Aggravation 
of thrombocytosis with the possibility of throm- 
boembolic complications has recently been 
emphasized.” Splenectomy does appear to be an 
important therapeutic measure in certain selected 
patients with secondary hypersplenism usually 
manifested by hemolytic anemia and less fre- 
quently by thrombocytopenia. These patients 
should receive a trial of corticosteroid therapy 
and the decision to remove the spleen should be 
made only after careful consideration of all 
aspects of the individual case such as age, degree 
of splenomegaly, platelet status and the extent of 
myelofibrosis or osteosclerosis. It should be 
emphasized that the basic disease will not be 
beneficially influenced by this procedure. In 
place of splenectomy, splenic radiation may be 
of value in patients with massive splenomegaly 
and associated pressure symptoms. Radiation 
over the spleen has little if any appreciable effect 
on hypersplenic manifestations. 

Hormone therapy is indicated chiefly for those 
patients with evidence of hemolysis and, as in 
Cases 1 and 11, maintenance therapy with small 
doses of corticosteroids has been quite effective 
in controlling excessive red cell destruction with 
resultant symptomatic improvement and de- 
creased need for transfusions. The corticosteroids 
otherwise have no apparent role in the treatment 
of myeloid metaplasia. 

Radioactive phosphorus or total body radia- 
tion may be useful in suppressing platelet pro- 
duction in patients with marked thrombocytosis. 
Therapeutic agents such as vitamin By, folic 
acid, cobalt and iron are of no value. 

Agnogenic myeloid metaplasia must be con- 
sidered a progressive and eventually fatal disease, 
although the prognosis is better than that of 
chronic granulocytic leukemia. In the seventeen 
patients in our series in whom the total duration 
of symptoms and signs of illness is known, the 
course has varied from one to seventeen years, a 
figure which agrees closely with those reported 
by others. 

It is appropriate to consider the question, 
‘“‘What -is myeloid metaplasia?” It has been 
pointed out by Dameshek*! that bone marrow 
cells may proliferate as a unit or en masse 
rather than as single elements alone. This type of 
proliferation involving not only hemopoietic 
but stromal cells with the predominance of one or 
more cell types over the others would explain the 
multiple findings and the varied individual 
manifestations. Marrow fibrosis, therefore, would 


be secondary to fibroblastic proliferation and the 
extramedullary hemopoiesis the result of the 
proliferation and resumption of the embryologic 
multipotentialities of the mesenchymal reticulum 
cells in the spleen and elsewhere. Is, then, 
agnogenic myeloid metaplasia an atypical form 
of leukemia possibly resulting from marrow 
injury? This question cannot be definitely an- 
swered but myeloid metaplasia would appear to 
belong to, or is at least closely related to, the 
general group of myeloproliferative disorders 
including polycythemia vera, chronic granulo- 
cytic leukemia, essential thrombocythemia and 
erythroleukemia. It is associated with a prolifera- 
tion of fibroblasts and undifferentiated multi- 
potential reticulum cells with abnormal eryth- 
ropoiesis, granulopoiesis and thrombopoiesis 
occurring in extramedullary sites. The basic 
stimulus to this proliferative process remains 
unknown. 


SUMMARY 


1. The diagnosis of agnogenic myeloid meta- 
plasia was made in fifty-six patients observed at 
the University of Michigan Hospital between 
January, 1942 and June, 1955. The incidence 
is about one-third that of chronic granulocytic 
leukemia, the condition with which it is most 
likely to be confused. 

2. A long history of symptoms due to anemia 
or massive splenomegaly is usual. Splenomegaly 
is the most constant physical finding. Hepatic 
enlargement is frequent. 

3. There is usually a 
normocytic, normochromic anemia with a vari- 
able degree of leukocytosis, although leukopenia 
is not uncommon. The very high leukocyte 
counts commonly found in chronic granulocytic 
leukemia when anemia is present do not occur 
in agnogenic myeloid metaplasia. 

4. Immature granulocytes and nucleated 
erythrocytes are, as a rule, present in the periph- 
eral blood in small numbers. Moderate to 
extreme variation in the size and shape of the 
erythrocytes is nearly always evident and may be 
the means of suggesting the diagnosis. ‘Throm- 
bocytosis and abnormal platelet morphology are 
usually conspicuous. 

5. Marrow examination, preferably by tre- 
phine needle biopsy, is an essential diagnostic 
procedure. Splenic aspiration or biopsy is help- 
ful but usually not required for the diagnosis. 
The bone marrow is most often hypocellular 


moderately severe 
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and frequently fibrotic. Predominant prolifera- 
tion or maturation defect of an immature pre- 
cursor of a single cell type, as seen in leukemia, 
is not observed. Active myelopoiesis is present in 
the spleen. 

6. Agnogenic myeloid metaplasia is a progres- 
sive and eventually fatal disease, although the 
prognosis is distinctly better than that of chronic 
granulocytic leukemia. No treatment may be 
required early in its course. 

In patients with anemia due to impaired 
erythrocyte production, transfusions are usually 
the only indicated therapy. 

8. Judicious radiation over the spleen may 
be of value in patients with marked spleno- 
megaly and associated pressure symptoms. 

9. Corticosteroids are useful in controlling the 
hemolytic process which is prominent in some 
patients with agnogenic myeloid metaplasia but 
the need for continued administration may be 
anticipated. 

10. In certain selected patients with dys- 
splenism, manifested by hemolysis or thrombo- 
cytopenia, splenectomy may be helpful. Although 
splenic radiation or splenectomy is not neces- 
sarily deleterious to the patient, as was formerly 
thought, removal of the spleen aggravates the 
usually already existing thrombocytosis and thus 
may increase the hazard of thromboembolism. 

11. Agnogenic myeloid metaplasia appears 
to be a specific entity possibly related to but 
distinct from leukemia. It is most likely a mani- 
festation of a myeloproliferative process involv- 
ing all elements, both hemic and stromal, which 
develop from the myeloid reticulum. 
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ITH the advent of the atomic age there has 
W occurred a revival of research interest in 
bone structure and metabolism. This interest 
stems in part from widespread concern over the 
potential radiation hazard of bone-seeking 
radioactive fission products—the “ashes” of 
atomic piles and bombs—and, in part, from low- 
cost radioisotopes suitable for the study of bone 
now made generally available by the chain- 
reacting pile. Whatever the reasons, the ‘‘bone 
field’’ has suddenly taken a new lease on life 
and is now bounding along at such a pace one 
has difficulty keeping abreast of the literature. 
Long-standing concepts have been swept away 
in the rush and only a few sound concepts have 
evolved to fill the resulting vacuum. Thus we 
are in possession of more data than knowledge, 
more facts than understanding [1]. 

In such a condition of flux it is difficult to 
construct a “story”’ of bone that makes sense 
and is, at the same time, accurate. An attempt 
to do just this will be made here, but the reader 
is cautioned that the story to be given is like 
current price lists—‘‘subject to change without 
notice.”’ It is hoped that this story will serve as a 
temporary structure in which thoughts can be 
reoriented and plans for the future made. 


THE CHEMISTRY AND ULTRASTRUCTURE OF BONE 


Only recently have methods become suff- 
ciently refined to permit a physical and chemical 
description of the crystals of bone mineral and 
to suggest the nature of their interrelations with 
the organic and water phases of bone. 

The Bone Mineral. It is now generally ac- 
cepted that the bone mineral is a single crystal- 
type [7a]. From all sources, bone crystals give an 


x-ray diffraction pattern which is characteristic 
of a structure the mineralogists term the apatite 
latttice. This lattice, or space arrangement of ions, 
is common to a whole series of solid calcium 
phosphates whose molar ratio Ca/P varies from 
1.3 to 2.0. Just how various preparations of cal- 
cium phosphate can all exhibit the same space 
arrangement of ions and yet vary in composition 
is a problem which engendered long and some- 
times heated debate. It now appears that the 
lack of fixed stoichiometry can be attributed to 
the extremely small size of the crystals. 

Low angle x-ray scatter, electron microscopy 
and measurements of specific surface area (M?/g) 
are in substantial agreement; the microcrystals 
are of colloidal dimensions—only a few hundred 
Angstroms in length and breadth [2,3,4]. There 
is some disagreement as to the shape of these col- 
loidal crystals but the most reasonable and best- 
supported proposals are those [3,5] which suggest 
that the crystals are tablets or plaques 200 to 300 
Angstroms in length and breadth, with a thick- 
ness of only 20 to 50 Angstroms! 

From crystallographic considerations, such 
tiny particles must exhibit unusual properties 
because of their size alone. All crystals exhibit an 
electrostatic asymmetry at their surfaces. Inside 
the crystal each cation is surrounded by a re- 
straining field of anions and, conversely, each 
anion is surrounded by cations. At the surface, 
however, each ion is surrounded by oppositely 
charged ions on one side only. There results a 
residual charge or valency on the crystal surface. 
There are a number of means by which a crystal 
can lower its surface asymmetry or surface 
energy to attain greater stability: (1) lattice 
distortion, (2) lattice-defects (vacant ion posi- 


* From the Division of Pharmacology, Department of Radiation Biology, School of Medicine and Dentistry, 
University of Rochester, Rochester, New York. This paper is based on work performed under contract with the United 
States Atomic Energy Commission at the University of Rochester Atomic Energy Project, Rochester, New York. 
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tions), (3) polarization of the surface ions, or 
(4) chemisorption of oppositely charged ions [6]. 
In large crystals these compensations are all 
possible and aberrant surface composition does 
not significantly affect the composition of the 
whole. Lattice distortion, lattice defects and, to 
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Fic. 1. A diagrammatic representation of the crystal solu- 
tion interface. The various layers are illustrated and num- 
bered according to usage in present discussion: 1, the solu- 
tion in bulk; m, the hydration shell comprised of three 
layers, loosely held water, tightly bound water, and the 
hydrated ion layer (m1): the lattice surface, 1v; and the 
crystal interior, v. 


some extent, polarization of surface ions all 
require a “depth action,” the crystal must have 
dimensions greater than 100 A [6]. These alter- 
natives are not possible in the tiny plaques of 
bone and as a result chemisorption is the princi- 
ple means by which these crystals can stabilize. 
This results in a variable surface composition 
and since the crystals are largely surface (200 to 
300 M?/g.) the overall composition is variable. 
These same surface forces bind to the surface 
a layer of hydrated ions and a shell of water 
which may exceed the dimensions of the crystal 
itself. For example, synthetic apatite crystals 
bind 0.8 gm. of water per gm. of crystals [7]. 
Because of the difference in density this repre- 
sents a volume of water over two times that of 
the crystals! 

Throughout the life of the crystal all its 


reactions, growth, maturation and dissolution 
involve the transfer of ions across the crystal- 
solution interface, which is illustrated diagram- 
matically in Figure 1. Our knowledge of this 
ion-transfer has been extended by the use of 
radioactively-labelled ions [8]. Apparently any 
solute ion from the bulk solution (1) can pene- 
trate by diffusion the outer layers (11) of the 
hydration shell [9]. At the crystal surface there 
is a bound layer of hydrated calcium, phosphate 
and hydroxyl ions (11) which are constantly in- 
terchanging with similar ions in the surface 
layers of the lattice (1v). Due to the presence of 
vacant lattice positions there is also a constant 
though much slower ion interchange within the 
crystal itself (v) [8,70]. Thermal vibrations per- 
mit an adjacent ion to pop into the “‘hole”’ caus- 
ing the “‘hole” to migrate. These three processes 
are defined and used subsequently in the fol- 
lowing terms: (1) diffusion into the hydration 
shell, 1 <> 1 «+ m1, (2) exchange between surface 
and the bound ion layer, m1 «> 1v, (3) intracrys- 
talline exchange or recrystallization, 1v < v. 
All three processes decline in rate and degree 
with increasing age and size of the crystal. 

In the animal, the crystals are not exposed to 
pure water but rather to a solution of many 
different ions. Some of these can penetrate 
only the hydration shell, some can penetrate the 
surfacebound ion layer or the lattice surface by 
displacing either calcium, phosphate or hydroxy! 
ions, and some can penetrate into the crystalline 
interior Such ion-exchange reactions, as sum- 
marized in Table 1, account for the observed 
composition of bone mineral and its variability. 
Thus the carbonate content of bone is a reflec- 
tion of the ———— ratio in serum as predicted 

HPO;* 

from exchange theory [77] and as observed 
in rats on different dietary regimens [72]. 

Because the crystals vary in size and composi- 
tion they must necessarily evince variable solu- 
bility. This has caused great confusion among 
researchers who would prefer to work with a 
more definitive system which follows solubility 
product principle. Recent work has shown, 
however, that the upper limit of stability of 
solutions containing calcium and phosphate ions 
is governed by the K,, of CaHPO,2H,O, 
secondary calcium phosphate, which must be 
exceeded before spontaneous precipitation can 
occur [/a,/3]. Since the thermodynamic ion 
product, Aca++-Anpo,-, of normal serum is less 
than half the K,, of CaHPO,-2H2O, serum is 
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undersaturated [73]. It was also shown that when 
secondary calcium phosphate is precipitated 
at physiologic pH it is unstable and hydrolyzes 
spontaneously to hydroxy apatite. Further, 
though its solubility is variable, hydroxy apatite 
preparations and bone mineral have never given 
in the laboratory dissolution values of calcium 
and phosphate as high as those of normal 
serum [/a,/4,/5|. This seeming paradox is 
resolved only by reference to the presence or 
absence of solid phase. Serum is undersaturated 
in the absence of solid phase (in this case CaHPO,) 
but supersaturated in the presence of solid phase (in 
this case hydroxy apatite). 

The conclusion that serum is normally super- 
saturated (because in the animal (mammals at 
least) solid phase is always present) with respect 
to (Ca**] and [HPO,"] has important physio- 
logic implications. In the first place, some 
cellular mechanism must be postulated by which 
such a supersaturated condition can be main- 
tained in vivo. Secondly, the driving force of the 
mineralization process is easily seen to be present 
in serum itself. Given a “‘seed” crystal, the serum 
will carry it spontaneously to full mineralization. 
Thirdly, some active cellular mechanism must be 
present in the intestine to permit the absorption 
of calcium against an ion-gradient. 

The Organic Phase. Nearly all the protein 
present in bone is in the form of collagen, about 
95 per cent of the fat-free organic content. 
Though the collagen of bone has received very 
little attention, great progress has been made in 
our knowledge of the structure of collagens 
derived from other sources [76]. Apparently, the 
cells secrete tiny proto fibrils or molecules which 
have the potentiality of self-aggregation [77]. 
There are several possible states of aggregation 
but under physiologic conditions only “‘normal’’ 
collagen structure is observed: Fibers about 800 
Angstrom units wide, of indefinite length with 
dense cross-banding seen at about 640 Angstrom 
intervals along the length of the fibers [3]. The 
fibers are actually crystalline, giving a charac- 
teristic x-ray diffraction pattern [7/6]. Collagens 
from different sources all show the same crystallo- 
graphic and morphologic appearance. They also 
are rich in aromatic amino acids, in glycine and 
pyrrolidine amino acids and are hydrolyzed by 
the specific enzyme collagenase [76]. However, 
there are differences in composition and reasons 
to believe that collagens from different sources 
may possess specific chemical properties. Once 
secreted, the collagen fiber undergoes no ap- 
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preciable ‘‘turnover’”’ as do other body pro- 
teins [78]. Apparently the collagen is more or less 
dormant for the entire life of the bone osteone in 
which it resides. 

The remainder of the organic portion of bone 
is poorly understood and “‘by definition, cannot 


TABLE I 
A SUMMARY OF ESTABLISHED ION-EXCHANGE 
REACTIONS IN BONE MINERAL 


Penetration into 


Lattice 
Ion 


Displaced Crystal § Crystal 


Surface Interior 


(m + (v) 


K+ 
Na* 
UO,** 
cr 
Cco;- 
Citrate 
P20,5 
F- 


be defined” [79]. We term it ground substance. 
It consists mostly of polymers of glucuronic acid 
and hexosamines. Both sulfated and unsulfated 
forms are present and make up a little less than 
5 per cent of the dry fat-free weight of bone. It 
seems reasonable to assume that the degree of 
polymerization of the polysaccharide com- 
ponents directly affects the permeability and 
fluid interchange in bone. Not all the carbo- 
hydrate present should be considered as separate 
from the collagen fibers. Even on repeated 
purification, collagen fibers retain an irreducible 
minimum content of amino sugars. Of special 
interest is that reconstituted collagen fibers con- 
tain [73] traces of a phosphorylated amino 
sugar [20] of possible significance in the mineral- 
ization process. 

Interrelations between Phases. Early workers 
described a preferred orientation of the crystal- 
lites with the long axis of the bone [27]. This now 
appears to be a reflection of a close association 
between the crystals and the fibers at the ultra- 
microscopic level. Electron microscopists, while 
differing in their opinion as to exact crystal 
morphology, all agree that the crystallographic 
c-axis Closely parallels the longitudinal direction 
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Ca 
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of the collagen fibers [2,3,22]. Moreover, con- 
vincing electron micrographs [3] show that the 
tabular crystals lie in or on the collagen fibers 
between the major striations which occur at 
640 Angstroms. In dentine, where the fibers have 
been cross-sectioned, isolated fields show the 
crystals on edge randomly arranged within the 
fiber bundles [5]. This dramatic finding has not 
been seen yet in bone. There is some evidence 
that, with increasing age of the osteone, both the 
crystals and the fibers continue to aggregate [23]. 

Such a close physical association between the 
fibers and the crystals has given great encourage- 
ment to those who believe that a chemical inter- 
action occurs between the two phases. 

The Water of Bone. In the past it was assumed 
that the water of bone was largely interstitial— 
extracellular fluid which helped to fill up the 
physical volume occupied by the bone. There 
are, indeed, spaces to be filled. With the dis- 
covery that apatite crystals bind large amounts 
of water, this view had to be revised. Unfortu- 
nately, the actual state of water in bone has not 
been clarified. The water content varies from 
60 per cent in forming bone to 10 per cent in 
senile cortical bone. At no stage, however, is 
there sufficient water present to hydrate the 
crystals fully and it must be assumed that 
nearly all the water of bone is bound water. In sup- 
port of this is the finding that little or no water 
can be removed from finely divided bone powder 
by enormous centrifugal fields, forces more than 
sufficient to remove interstitial water [7]. A 
traditional procedure for estimating the “‘inter- 
stitial” water of bone is to perform a chloride 
analysis and, on the assumption that the crystals 
do not contain chloride, the chloride space can 
be calculated. It is true that the crystals do 
not take up chloride but their hydration shells 
are freely permeable to chloride ion [9]. There- 
fore, a chloride analysis does not differentiate 
between interstitial water and bound water. 
Such calculations of interstitial water should 
now be considered meaningless. 

In senile cortical bone it has been found [24] 
that the total water present can be accounted for 
as cellular and interstitial water attributable 
to the osteocytes and perivascular spaces. An 
examination of bones of different ages showed an 
inverse relationship between ash and water 
content as though, volume for volume, the grow- 
ing crystals displace virtually all the water, 
leaving a solid, inert, unhydrated mass of crys- 
tals and fibers [24]. 


As has been seen, a number of recent advances 
have been made which depart sharply from older 
concepts. Normal serum has been proved to be 
supersaturated. The crystals have been proven 
to be variable in composition and therefore to 
evince aberrant solubilities (no K,,). The inter- 
action between collagen and bone crystal has 
been shown at the molecular level. These newly 
established facts have called for an ‘‘agonizing 
reappraisal”’ of established concepts of the nor- 
mal physiology of the skeleton. 


PHYSIOLOGIC ASPECTS 


Since Aub’s classic studies [25] and, ‘ater, 
those of Hevesy with radiophosphate, physiol- 
ogists have realized that bone mineral is not 
dormant and inert but rather is constantly 
‘“‘turning over’’ and, throughout the lifetime of 
the animal, is participating in electrolyte metab- 
olism. It has been a great struggle to deduce just 
what molecular events are involved in this ill- 
defined ‘“‘turn-over process.” Even now, they are 
only dimly perceived. 

Osteone Maturation and Reactivity. ‘The three 
ionic processes already described: (1) diffusion 
into the hydration shell, (2) ion-exchange or 
ion-displacement at the crystal surface, and 
(3) thermal recrystallization within the crystal, 
all occur in the animal but they are modified un- 
der the influence of physiologic conditions. 
Superimposed on these passive, physicochemical 
events are such active processes as growth, 
resorption and translocation of bone. At the 
level of the osteone, age is the primary determi- 
nant of chemical reactivity. Newly deposited 
crystals are highly hydrated, extremely imper- 
fect and nearly all of their ions are capable of 
rapid displacement [70,27]. As the osteone ages 
the crystals become larger, less hydrated and 
more perfect internally. The rates and extent of 
diffusion, exchange and recrystallization decline. 
In fact, it appears that the newly forming osteone 
very quickly mineralizes to nearly 90 per cent of 
its maximal mineral content [28]. Thereafter, 
further crystal growth is quite slow despite the 
great supersaturation of the circulating fluids. At 
90 per cent of full mineralization there is very 
little free water, interstitial or bound, and the 
penetration of ions is slowed immensely. At full 
mineralization, physicochemical reactions grind 
to a virtual halt. Such old bone elements do not 
participate in the general metabolism and, in 
recent literature, have been referred to as ‘“‘un- 
available” bone [7a]. 
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This, then, is the pattern of bone maturation: 
because of the supersaturation of the circulating 
fluids, the crystals continually grow, though 
ever more slowly, to the complete or near-com- 
plete exclusion of water. Here one might 
logically ask why, in the adult skeleton, a// the 
osteones haven’t become frozen and inert. The 
reason, of course, is the pattern of Haversian 
remodelling by which erosion cavities are con- 
tinually forming and new Haversian systems 
developing [29]. This most important evolu- 
tionary development assures even the adult, 
non-growing animal a fresh supply of meta- 
bolically active bone. Further, despite the ob- 
vious fact that the proportion of the skeleton 
which is old, and therefore inert, increases 
steadily with advancing age* the increase in 
mineral content offsets this change and there 
results an almost constant supply of active 
exchangeable bone mineral throughout life [30]. 

It would therefore be expected that a radio- 
isotope of any element which specifically enters 
into an ion-displacement reaction with bone 
crystals would show a characteristic pattern of 
histologic distribution in the animal. This dis- 
tribution would reflect the patterns of growth 
and Haversian remodelling, the greatest con- 
centrations of isotope coinciding with the most 
actively growing and most recently deposited 
bone elements. Such a characteristic pattern has 
now been observed with a large number of 
radioactive ions [7a] and it is of interest that the 
same histologic distribution (identical with that 
of Ca*®) is observed whether the isotope is 
administered to the animal or a section of bone 
removed from the animal and merely dipped 
in radioactive buffer in vitro [37,32]. 

Another group of radioelements which con- 
centrate in bone are the transuranic elements 
and the rare earths. The pattern of histologic 
distribution of this group is also characteristic 
but quite different from that of Ca*®. The mecha- 
nisms underlying the skeletal deposition of these 
elements are unknown. 

Mobilization of Skeletal Depots. We have dis- 
cussed the pertinent facts governing the rapid 


* The available skeleton is easily measured by means of 
radiosodium by a comparison of the specific activity of 
bone with the specific activity of serum. Since the isotope 
concentration quickly attains the same value in the 
available bone as in serum, the ratio SApbone/SAserum 
gives directly the proportion of bone sodium (and there- 
fore bone mineral) which is available. This ratio declines 
from 0.8 in infant rats to 0.3 in adult rats, dogs and 
humans [7,30]. 
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interchange of ions between the bone crystals 
and the circulating fluids. The practical question 
arises as to the physiologic significance of these 
processes. The skeleton, in mass, represents a tre- 
mendous mineral and alkaline reserve; can 
these stores be called upon to meet the stress of 
electrolyte imbalance? We know from recent 
investigations that the available skeletal mineral 
can and does participate in buffering against 
shifts in the ionic composition of the extracellular 
fluid but the extent to which the skeleton can 
participate and the underlying mechanisms are 
poorly understood. 

Some time ago transfusion experiments dem- 
onstrated that an amount of calcium three times 
that in the extracellular fluids was quickly 
mobilized from bone [33]. Conversely it has 
been shown in dogs that 27 mg. of an injected 
90 mg. calcium is removed from the circulation 
by the skeleton in fifteen minutes [34]. Skeletal 
sodium, too, is quickly mobilized in response to 
acute, intraperitoneal dialysis [35]. The bone 
carbonate has been shown to be responsive to 
dietary changes [72] and even to changes in 
pCOsz of the air breathed [36]. 

In theory, this buffering action of the skeleton 
should be passive and non-regulatory. Because 
the composition of the bone crystal is not fixed, it 
merely reflects, by ion-exchange, the composi- 
tion of the fluid to which it has been exposed [7a]. 
For this reason the skeleton should resist change 
only. We should expect, therefore, when a patient 
suffering from prolonged dietary sodium deple- 
tion is placed on an adequate sodium intake that 
the skeleton will not help to restore normal 
sodium levels; rather, that the sodium-poor 
crystals should soak up large quantities of this ion 
and so delay recovery. 

It is difficult to test theory in the animal. For 
example, the mechanism of sodium fixation 
involves an exchange for calcium: 


Nat + bone — Na* — bone + Catt 


In sodium depletion the reversal of this reaction 
would cause a withdrawal of calcium from cir- 
culation. Falling calcium levels would stimulate 
parathyroid hormone secretion. Since the 
mechanism of action of parathyroid hormone on 
bone is poorly understood, we find ourselves on a 
merry-go-round of ignorance. Subject, then, 
to secondary physiologic regulatory processes, 
bone-buffering can be considered analogous to 
a mineral bank where surpluses can be deposited 
and from which loans can be drawn. 
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This analogy is not strictly accurate, however, 
and requires the addition of a statute of limita- 
tion. At any given time, the available skeleton 
is comprised only of immature osteones which 
are forming or recently formed. Their composi- 
tion reflects only the recent electrolyte history of 


TABLE 0 
PRECIPITATION SEEDING OF CALCIUM PHOSPHATE 
MIXTURES [73] 


Final Concentration 


Compound | Amount Liquid Phase 


| 
Added (mg./cc.) 


M X M 10-4 | 


None (control) -| ans 
Apatite 
Apatite 
Gelatin 
Fibrin........| 3.0 | 


Collagen * 13 


Note: Solutions buffered at pH 7.4. Mixtures equilibrated ten days 
at 25°c., filtered through molecular filters, and ashed. Initial calcium 
and phosphorus concentration just below point of spontaneous precipi- 
tation. 

* Reconstituted fibers [77] from tendon. 


the animal economy. This imposes a strict time 
limit on the recall of a surplus or the return of a 
deficit. Such surpluses or deficits are carried on 
the books for a short time only; thereafter, the 
account is closed by virtue of its burial in the 
unavailable skeleton as the osteones mature. 

These shifts in electrolytes to and from the 
skeleton involve no real structural changes. In 
severe mineral depletion, of course, trabecular 
bone will actually be resorbed [25]. 

This maturation of osteones poses a most diffi- 
cult problem to the radiation biologist. The 
atomic age, with its attendant exposure of in- 
creasing proportions of the world’s population to 
increasing levels of fission products, is a real 
and growing radiologic hazard. Many of these 
fission products are bone-seeking elements and it 
would be highly desirable to develop methods 
by which these radioelements could be washed 
out of the skeleton. Unfortunately, because of 
the continuing maturation process, only osteones 
formed in recent weeks are in contact with the 
circulating fluids. With passing time the bulk 
of the radioactivity resides in the unavailable 
skeleton, out of reach of any conceivable therapy 
short of massive demineralization [37]. 


On the Mechanism of Calcification. Historically, 
the mechanism of calcification has commanded 
more attention, perhaps, than it deserved. ‘The 
intriguing Robison Phosphatase Theory cap- 
tured the imagination of many investigators for 
many years. Unfortunately, it was based on a 
false premise: that calcification involved a 
precipitation by locally exceeding a K,,. The 
Robison Theory has now been discarded but 
no one has yet found the proper role for phos- 
phatase. The demonstration of the structural 
interrelations between collagen fibers and the 
crystals [3,5,23] and the demonstration that 
serum is supersaturated [/3,/5] has sharply 
focussed attention on ways in which the collagen 
fibers can induce the formation of crystal 
nuclei [38]. Three mechanisms have been sug- 
gested: (1) that the collagen fibers of bone 
specifically possess the chemical property of 
inducing the production of crystal nuclei per- 
haps through the presence in the molecule of a 
phosphorylated amino sugar [/a,73,20]; (2) that, 
in cartilage, the protein is rendered “‘active”’ by 
the enzymatic transfer of a pyrophosphate group 
from adenosine triphosphate (ATP) to the 
protein [39]; and (3) that the active nucleation 
center in cartilage involves a complex between 
collagen and the mucopolysaccharide, chon- 
droitin sulfate [4]. 

Actually, these three suggestions presume the 
protein component to be a part of the mechanism 
and all three imply that the protein ‘‘template’”’ 
binds calcium ions in a special spatial arrange- 
ment. The first deals with mineralization in 
forming bone, the last two with the mineraliza- 
tion of cartilage. Bone osteoid in the normal! 
animal mineralizes as fast as it forms, but there is 
a latent period in cartilage. Perhaps these are 
two different processes. Perhaps the collagen of 
cartilage requires a ‘“‘booster mechanism’”’ while 
that of bone does not. 

A clear differentiation between these three 
possibilities should soon appear in the literature. 
Certainly making bone crystals from serum or 
serum-like solutions with non-vital, isolated 
preparations is now a common laboratory pro- 
cedure [73,40]. Even collagen preparations from 
non-calcifying tendon show some ability to 
induce crystal-formation. This is illustrated in 
Table 1 [73] where it is shown that apatite crys- 
tals and collagen fibers induced mineral for- 
mation from otherwise stable solutions while 
fibrin and degraded collagen (gelatin) were 
unsuccessful. 
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On the Action of Parathyroid Hormone. Once one 
recognizes that serum is supersaturated, some 
cellular mechanism must be postulated by which 
this supersaturated state can be maintained. The 
secretion of the parathyroid gland and vitamin 
D and its analogues immediately assume a new 
dimension of importance because these two sub- 
stances are the only known agents which can in- 
crease or even maintain normal levels of calcium. 

One thing is certain, the Albright-Reifenstein 
concept [47] of parathyroid action is now out- 
moded [1]. While it served long and well as a 
scheme for integrating the medical literature, it 
would seem to be basically incorrect. This idea 
postulates a primary phosphaturic effect on the 
kidney (never proved) and further postulates 
that the resultant fall in Ca & P product causes 
bone mineral to dissolve, thus implying a fixed 
K,, (non-existent). With this explanation, effects 
observed in bone are secondary and passive. 

The classic demonstration [42] of direct dis- 
solution of bone by transplanted parathyroid 
tissue has now been confirmed [43]. This evi- 
dence would be enough but it is further clinched 
by the demonstration of the full hypercalcemic 
effect of parathyroid extract in nephrectomized 
animals [44]. The direct action of parathyroid 
on bone can no longer be questioned. The action 
of the parathyroids on kidney is still unclear. 
Phosphate levels do rise in hypoparathyroidism, 
they do fall after treatment with extract. Crude 
extracts do induce phosphaturia in animals. Yet, 
three laboratories have shown that the ratio of 
hypercalcemic activity to phosphaturic activity 
varies widely with different extracts [45-47]. 
This suggests that the hypercalcemic principle 
has no inherent phosphaturic activity of itself. 
In view of the finding that tissues other than the 
parathyroids will, when subjected to standard 
extractions procedures, give degradation prod- 
ucts which produce phosphaturia [48], the whole 
issue of renal effects is unclear. The parathyroids 
may elaborate two active principles: hypercal- 
cemic and phosphaturic; it may also be that the 
phosphaturic agent is artefactual, produced 
by the rigorous extraction procedure. Only a 
successful isolation and characterization of the 
active molecules will settle this question. 

The mechanism of the parathyroid’s hyper- 
calcemic activity was never clear. If serum must 
be maintained in a supersaturated state, it must 
perforce act on cells in the region of the available 
crystals to produce an ion-gradient opposing the 
gradient in calcium ions. Only two reasonable 
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alternatives suggest themselves: (1) the bone cells 
might secrete a specific chelating substance 
which is oxidized once it reaches the general 
circulation, or (2) the bone cells might secrete 
acid, setting up a pH gradient. At the moment, 
current literature is best summarized as support- 
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Fic. 2. A diagrammatic summary illustrating the four 
major postulates in present day views of bone metabolism. 


ing a combination of these two alternatives [49]. 
Certainly there is mountainous evidence that 
citrate and calcium metabolism are closely 
interrelated [50]. Parathyroid secretion has been 
definitely shown to influence citrate metab- 
olism [57]. Very recent preliminary results show 
a positive arteriovenous difference in citrate 
levels in the venous outflow from bone, a differ- 
ence which increases promptly after the injection 
of parathyroid extract [49]. Citrate is certainly a 
good chelator of calcium [50], and it is rapidly 
oxidized by extraskeletal tissues. But, citrate 
could not be secreted by cells in any form other 
than the acid; otherwise, the cells would be 
rapidly depleted of intracellular cation. Thus it 
appears at present that parathyroid hormone 
acts by affecting the metabolic activity of cells. 


SUMMARY 


An attempt has been made to describe briefly 
the changing concepts of bone metabolism. Four 
new, important yet unproved postulates have 
been made and are summarized diagram- 
matically in Figure 2. The maintenance of 
normal bone physiology depends on: 

1. The absorption of calcium and phosphate 
from the gastrointestinal tract. Since serum is 
supersaturated, some active mechanism or ion- 
pump must be postulated. Presumably, vitamin 
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D is required for the normal operation of this 
mechanism. 

2. The mineralization of collagen. It is now 
fairly certain that the crystalline collagen ini- 
tiates bone crystal formation. It is not yet 
settled whether the collagen molecule requires 
an “‘activation”’ mechanism. 

3. The continuous transfer of ions to and fro 
across the crystal-solution interface. Here, the 
crystals of the “‘available”’ bone reflect, by pas- 
sive ion exchange, the electrolyte composition 
of the body fluids. It is necessary to postulate, 
however, that the osteocytes actively affect the 
composition of the fluid locally. Present indica- 
tions are that local production of citric acid 
(possibly other acids) by the cells under the 
metabolic stimulus of parathyroid hormone 
(possibly also vitamin D) is responsible for main- 
tenance of the serum in its supersaturated state. 

4. The continuous formation, maturation and 
resorption of osteones. While the natural course 
of events is toward complete mineralization, a 
state of dehydrated inertness, new and matur- 
ing osteones continuously provide an “avail- 
able’”’ skeletal reserve of mineral which can 
passively buffer against changes in electrolyte 
balance. 

5. The regulation of electrolyte composition 
by selective reabsorption in the kidney. This 
mechanism, with its intricate hormonal control 
is, of course, not a postulate [34,53]. 
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Clinico-pathologic Conference 


Dyspnea, Weakness and Ocular Pain 


_porenre tae reports, edited by Amoz I. Chernoff, m.p. and W. Stanley Hartroft, m.p., 

of weekly clinico-pathologic conferences held in the Barnes and Wohl Hospitals, are 
published in each issue of the Journal. These conferences are participated in jointly by 
members of the Departments of Internal Medicine and Pathology of the Washington 
University School of Medicine and by Junior and Senior medical students. 


HE patient (No. 26906), a housewife fifty- 
yp years of age, was admitted to Barnes 
Hospital on April 1, 1956. She died on May 3, 
1956. Her chief complaint was weakness and 
shortness of breath of eight years’ duration. 

As a child, the patient noted frequent sore 
throats and severe “‘growing pains.’ No other 
details were remembered regarding these ill- 
nesses. In 1936 she underwent a “subtotal 
hysterectomy for a tumor of undescribed na- 
ture.”’ She was then relatively well until eight 
years prior to admission when she noted the 
insidious development of exertional dyspnea, 
paroxysmal dyspnea and orthopnea with ankle 
swelling which was ascribed to “‘heart dropsy”’ 
and hypertension. Therapy with digitalis, 
sodium restriction and occasional injections of 
mercurial diuretics was moderately successful 
but the symptoms gradually progressed. Five 
years prior to admission, while testing her dia- 
betic husband’s urine, she tested her own and 
found a “trace of sugar” to be present. Diabetes 
mellitus was confirmed by her private physician 
and insulin but no diet was prescribed. She tested 
her urine each morning but took insulin only 
when glycosuria was noted. During the past few 
years it had been necessary to administer insulin 
almost daily. During the year prior to admission, 
she had noted gradually increasing fatigability, 
asthenia and malaise which caused her to be 
virtually bedridden. Throughout this .same pe- 
riod she had noted easy bruisability without 
other signs of bleeding except “bleeding piles.” 
Five weeks prior to admission mid-epigastric 
pain developed which radiated through to the 
back. Simultaneously, extreme nausea and oc- 
casional vomiting occurred. Her stools became 
tarry. At that time there was a marked increase 
in her dyspnea, orthopnea and edema, and in 
addition there was swelling of the abdomen. 
The fluid retention did not respond to the admin- 


istration of mercurial diuretics. One episode of 
hemoptysis occurred. About four and one-half 
weeks prior to admission sudden pain, tender- 
ness, swelling and redness of the right eye de- 
veloped. This was followed by total blindness in 
this eye. She was told by her physician that she 
had “‘flu”’ and that “‘pus” had gotten into her eye 
from her bloodstream. Local therapy with 
ointments and soaks did not appreciably change 
the symptoms related to her eye. A right tem- 
poral and retro-orbital headache developed. 
Because of marked dyspnea, weakness and pain 
in her eye she was brought to the Barnes Emer- 
gency Room. The only medications taken 
regularly by the patient were digitalis and 
insulin. 

The family history revealed that her father 
had died of diabetes and her mother had 
died of a stroke. One sister was living with 
*‘dropsy.” 

Physical examination revealed the tempera- 
ture to be 38.1°c., pulse 130, respirations 32, and 
blood pressure 120/80. The patient was a criti- 
cally ill, pale, cold, diaphoretic woman in 
marked respiratory distress. ‘There was peri- 
orbital edema and proptosis of the right eye with 
chemosis and conjunctival hypertrophy. The 
right cornea was cloudy with questionable pus 
in the anterior chamber. The globe was hard and 
tender, and there was no vision from this eye. 
The left pupil reacted to light. Examination of 
the left fundus revealed the arteries to be nar- 
row, the veins full with some A-V nicking. Small 
hemorrhages and a few exudates were scattered 
throughout the fundus. The disc was flat. Ex- 
amination of the ears and nose was normal. The 
tonsils were large but were not inflamed. There 
was no enlargement of the lymph nodes. The skin 
was pale, dry and of poor turgor. Ecchymoses 
were noted over the buttocks but no petechiae 
were seen. The neck was supple and the trachea 
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was in the midline. There was marked venous 
distention of the neck veins while the patient 
was in the semi-erect position. The respiratory 
excursions were symmetric. Examination of the 
breasts revealed no abnormalities. Percussion 
and auscultation of the chest revealed the lungs 
to be clear. The left border of cardiac dullness 
and the point of maximum impulse were in the 
sixth left intercostal space, 14 cm. from the mid- 
sternal line. Sinus tachycardia was present. The 
heart sounds were of fair quality and a grade 3, 
rough, blowing, systolic apical murmur was 
heard which radiated to the left axilla. A similar 
murmur but of longer duration was heard in the 
aortic area. No diastolic murmurs were noted. 
No thrills were felt. The abdomen was distended 
with ascites. The liver was smooth, soft, slightly 
tender, and tremendously enlarged extending to 
21 cm. below the right costal margin. No other 
organs or masses were felt. The rectal examina- 
tion revealed large, tender, external hemor- 
rhoids. No masses were felt. Pelvic examination 
was not performed. There was 2 plus soft pitting 
edema extending from the feet to the lower 
abdominal wall. The peripheral pulses were 
palpable. There was marked pallor of the nail 
beds but no clubbing. Except for mild obtundity 
and changes associated with the right panoph- 
thalmitis, the neurologic examination was not 
remarkable. 

Laboratory data were as follows. Hemoglobin, 
6.4 gm. per cent; red blood cell count, 2 million 
per cu. mm.; packed cell volume, 22 per cent; 
white blood cell count, 9,800 per cu. mm.; 
platelets ‘‘adequate’’; reticulocytes, 8.7 per cent; 
differential: 66 per cent segmented forms, 2 per 
cent band forms, 23 per cent lymphocytes and 
9 per cent monocytes. The erythrocytes revealed 
polychromasia and moderate anisocytosis. The 
mean corpuscular volume was 110 cu; mean cor- 
puscular hemoglobin, 33 gamma gamma; mean 
corpuscular hemoglobin concentration, 29 per 
cent. Urinalysis: specific gravity, 1.017, reaction 
acid, 2+ protein, negative sugar, negative ace- 
tone; on microscopic examination there were 
occasional hyalin and granular casts, many white 
blood cells with occasional clumps, and an occa- 
sional red cell. The urine was negative for bile; 
the test for urobilinogen was 1 plus in a 1:2 dilu- 
tion of urine and negative in a 1:4 dilution. No 
5-hydroxy indole acetic acid was present in the 
urine. Stool: tarry in consistency and color and 
the guaiac reaction was strongly positive. The 
cardiolipin test was negative. Non-protein ni- 
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trogen, 56 mg. per cent; fasting blood sugar, 
184 mg. per cent; sodium, 128.6 mEq./L.; po- 
tassium, 5.4 mEq./L.; chloride, 84 mEq./L.; 
CO, 21.2 mEq./L. Total protein, 5.4 gm. per 
cent, albumin 3.0 gm. per cent, globulin, 2.4 gm. 
per cent, alkaline phosphatase 2.5 Bodansky 
units. Cephalin cholesterol flocculation test 3+; 
thymol turbidity 0.9 units; total serum bili- 
rubin less than 0.8 mg. per cent; prothrombin 
activity 22 per cent. Bromsulphalein, 4.5 per 
cent retention in forty-five minutes. Electro- 
cardiogram: ST segment and T wave changes 
were compatible with digitalis effect, full AV 
conduction, and sinus tachycardia. Chest film: 
cardiac enlargement, left and right sided; in- 
filtration, left upper lobe (probably pneumo- 
nitis); pulmonary vascular congestion, bi- 
lateral. Venous pressure: 290 mm. of saline. 
Decholin® circulation ,time: fourteen seconds. 
Urine culture and two blood cultures revealed 
no growth. 

The patient was maintained on therapy con- 
sisting of digitoxin, 0.1 mg. daily, sodium re- 
striction, and a diabetic diet with carbohydrate 
restricted to 140 gm. daily. After cultures were 
obtained, she was given penicillin, 400,000 units, 
and streptomycin, 0.5 gm., intramuscularly 
every six hours. Although the patient received 
five units of packed cells (through venous pressure 
sets) during the first five days of hospitalization, 
the hemoglobin increased only to 8.1 gm. per 
cent. The feces remained positive for occult 
blood. However, the infrequent bowel move- 
ments made it difficult to determine the activity 
of the bleeding by this method. Following two 
more units of packed cells, the hemoglobin rose 
to 9.5 gm. per cent and thereafter slowly in- 
creased to vary between 11 and 13 gm. per cent 
during the remainder of the hospitalization. 
The venous pressure remained about 250 mm. of 
saline, but the circulation time rose to thirty-six 
seconds. ‘The dyspnea was markedly improved 
during the first few days of hospitalization, but 
was intermittently present throughout the pa- 
tient’s course. 

On the tenth hospital day, an upper gastro- 
intestinal series revealed extrinsic pressure on the 
fundus of the stomach and on the distal esopha- 
gus thought to be due to cardiac enlargement. 
There was edema of the intestinal mucosa, 
calcification of the abdominal arteries and 
ascites. On the sixteenth hospital day a barium 
enema was interpreted as showing carcinoma of 
the rectosigmoid. On the eighteenth hospital day 
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an abdominal paracentesis was done. Only 
100 cc. of straw-colored peritoneal fluid was 
obtained. Studies on this fluid revealed a specific 
gravity of 1.022, protein 2.2 gm. per cent, 1,877 
red cells per cu. mm. and 34 white cells per cu. 
mm. Cultures were negative. There was an 
inadequate amount of fluid for cytologic exami- 
nation. 

During her hospitalization the major problem 
was severe dyspnea, although auscultation of the 
chest never revealed more than a few rales and 
a few coarse rhonchi. The patient was cyanotic 
except when receiving oxygen by tent or nasal 
catheter. Cautious attempts at increasing the 
dosage of digitalis were unsuccessful in reducing 
the venous pressure or preventing attacks of 
dyspnea. Mercurial diuretics alone or with am- 
monium chloride and aminophyllin never pro- 
duced a significant diuresis. The patient’s weight 
decreased 11 pounds during the first three weeks 
of hospitalization, but the edema persisted. The 
fluid intake varied from 1 to 2.5 L. per day; the 
urine output averaged about 1 L. per day. The 
patient perspired profusely even when afebrile. 
The non-protein nitrogen fell initially to 27 mg. 
per cent and rose to 71 mg. per cent during the 
last week of her life. The temperature varied 
from 37° to 39°c. during the first week, was sel- 
dom greater than 38°c. during the second week, 
after which time she was afebrile. The dosage of 
penicillin and streptomycin was decreased by 
half after the first week, and penicillin alone was 
given following the second week. The inflam- 
matory changes in the right eye subsided some- 
what, but there was no return of vision. Re- 
peated sputum studies for acid fast organisms 
were negative. On the twenty-sixth hospital day, 
a sputum culture revealed an almost pure growth 
of a coagulase negative staphylococcus aureus. 
Erythromycin, 0.25 gm. every six hours, was 
added to the penicillin coverage. On the thirty- 
first hospital day she seemed to be somewhat 
improved. There was considerably less respira- 
tory distress and she no longer required oxygen 
therapy. The temperature spiked to 38.8°c., but 
there was no change in physical findings. The 
white count was 10,700 per cu. mm., the hemo- 
globin 11.8 gm. per cent. On the thirty-second 
hospital day the temperature suddenly rose to 
39.6°c., the blood pressure fell to shock levels, 
and the patient died. Aside from the return of 
severe dyspnea there were no other symptoms 
and no preterminal changes in the physical 
findings. 


CLINICAL DISCUSSION 


Dr. Epwarp REINHARD: This case will be 
discussed under the following headings: first, 
the cardiac lesion; next, the nature of the pul- 
monary disease; third, the eye lesion and lastly, 
the nature of the gastrointestinal disease and the 
cause of the bleeding. Let us consider the nature 
of the cardiac lesion. Dr. Kingsland, the history 
relates that the patient had frequent sore throats 
and severe growing pains as a child. We have 
no details about the growing pains except that 
they were severe. ““Growing pains” in a child 
are commonly believed to represent a manifes- 
tation of the rheumatic state and I wonder if 
you would comment upon the significance of 
this finding. 

Dr. RoBert KINGSLAND: One would be hesi- 
tant to make the diagnosis of rheumatic fever 
on this basis alone. Of course in a woman in 
whom congestive failure later develops itcertainly 
has much more importance. 

Dr. REINHARD: I was very much interested in 
the relationship between growing pains and the 
rheumatic state. I wondered what the pedia- 
tricians thought about th.s concept so I con- 
sulted Dr. Goldring and Dr. Klingberg of our 
Pediatrics Department and they both believe 
the character of the pain is crucial. The average 
child who is stated to have growing pains really 
has muscle pains. These tend to come on in the 
late evening or even at night. Very often the 
pain has the characteristics of a “charleyhorse”’ 
and is relieved by massage. These pains have 
nothing whatsoever to do with the rheumatic 
state. On the other hand, true rheumatic pains 
are more localized in the joint and do not neces- 
sarily come on in the late evening or at night. 
They are not muscular pains and are not re- 
lieved by massage. In the absence of any detailed 
history about the character of the pains ex- 
perienced by this patient all one can say is that 
the majority of so-called growing pains are not 
truly rheumatic and that the significance of this 
point in the history must be questioned. If we 
accept the concept that the growing pains were 
not of rheumatic origin we are left without any 
history suggestive of acute rheumatic fever. 

Symptoms of congestive heart failure first 
developed eight years prior to the death of the 
patient at which time she was forty-four years 
old. The usual therapy for congestive heart fail- 
ure was at first moderately successful but there 
was a gradual progression of the symptoms of 
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congestive failure in spite of digitalis, salt restric- 
tion and diuretics. When first seen by a physician 
for her cardiac symptoms eight years prior to her 
death, the patient was told that her blood pres- 
sure was elevated. Unfortunately we have no 
information about what happened to her blood 
pressure during the ensuing eight years nor 
do we know what the actual blood pressure 
reading was when she was first given this in- 
formation. During the first week of her stay in the 
hospital her blood pressure was normal and 
thereafter it fluctuated between normotensive 
and mildly hypertensive levels. She was, how- 
ever, severely decompensated throughout this 
period. At times the blood pressure rose as high 
as 170/100. This patient had a markedly en- 
larged heart, a loud grade. 3 rough blowing 
systolic murmur at the apex and also a loud 
systolic murmur in the aortic area. One observer 
described a gallop. Several other observers 
stated that there was a sound suggestive of a 
gallop but that it was not a true gallop. No 
diastolic murmur was described. Dr. Smith, do 
you see any reason to doubt rheumatic fever as 
the etiology of the cardiac lesion? 

Dr. Jonn Smitu: No. One may fall back on 
this diagnosis even in the absence of a tangible 
history of rheumatic fever. The growing pains 
that she had in childhood may indeed have 
been muscle pains, not related to rheumatic 
fever. The appearance of the murmurs and the 
course of the disease suggests something of the 
character of valvular or endocardial disease com- 
ing on years later. 

Dr. REINHARD: Dr. Moore, you examined 
this patient and thought she had rheumatic 
mitral disease. Do you still support this diagnosis? 

Dr. Cart Moore: Yes. One is also tempted to 
consider that she may have had more severe 
hypertension in the past and that there was a 
significant element of hypertensive cardio- 
vascular disease. It is very difficult, when one 
reads the protocol, to make a firm diagnosis of 
rheumatic carditis, but if I remember correctly, 
everyone who saw this woman thought that in 
all probability she had rheumatic heart disease 
although in addition she may well have had 
some element of hypertensive heart disease. 

Dr. REINHARD: The chest films, which will be 
discussed in more detail by the roentgenologist, 
showed a very obvious and marked generalized 
cardiac enlargement. Dr. Massie, is there any- 
thing in the patient’s electrocardiograms or in 
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the chest films which would help us arrive at an 
etiologic diagnosis of the type of heart disease? 

Dr. Epwarp Massie: No. The heart was 
grossly enlarged particularly in the region of the 
left ventricle. There was also evidence of pul- 
monary congestion but that is all that can be 
gathered from the roentgenograms. The electro- 
cardiograms were abnormal but did not show 
evidence of coronary disease or anything specific 
except the effects of digitalis. If this patient did 
have hypertension we certainly do not have an 
explanation for the lack of hypertension at the 
time of her hospitalization. 

Dr. REINHARD: You do not believe that heart 
failure is sufficient to account for this observa- 
tion? 

Dr. Massie: No. In congestive failure the 
blood pressure is just as likely to be main- 
tained at the same or even higher level than 
before failure as it is of being reduced somewhat. 
However, the pressure would never be reduced 
to this level by failure alone. The evidence favors 
rheumatic heart disease. 

Dr. REINHARD: From previous clinico-patho- 
logic conferences we know that in a patient who 
has clinical findings suggestive of rheumatic 
heart disease and who gives no history of definite 
rheumatic fever, postmortem examination may 
show findings which the pathologists are unwill- 
ing to call rheumatic valvular disease. These 
cases may come under the category of endocar- 
dial fibroelastosis. Dr. Sherry have you consid- 
ered this diagnosis? 

Dr. Sor SHERRY: Yes. 

Dr. REINHARD: Would you like to comment? 

Dr. SHERRY: I believe it would be highly un- 
usual for an individual with fibroelastosis to be 
in congestive heart failure for eight years. In 
most patients, once they go into the failure, the 
disease usually progresses quite rapidly even 
though there may have been evidence of cardiac 
enlargement for a number of years. On that 
basis I believe it would be highly unlikely for 
this patient to have had fibroelastosis. 

Dr. RemnHARD: Dr. Wilbur Thomas studied 
a group of twenty patients with endocardial 
fibroelastosis and made some observations which 
I believe might be worthwhile reviewing at this 
time. He pointed out that although murmurs 
are by no means uniform in these patients, 
murmurs do occur. In nine out of the twenty 
patients there were cardiac murmurs. These 
were described as faint or soft systolic murmurs,. 
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mostly at the apex in seven patients; there were 
loud systolic murmurs at the apex in two pa- 
tients; and there was a short diastolic rumble 
in addition to a faint systolic murmur in one 
patient. It is also of interest that in eight of 
these twenty patients a gallop rhythm was 
detected. There was mild hypertension in two 
patients, a normal blood pressure in eight of the 
patients, and hypotension in eight others. The 
blood pressure was not available in two patients. 
One may therefore observe murmurs similar to 
those that were heard in this patient. One can 
see almost any kind of blood pressure. One may 
also hear a gallop in fibroelastosis. I would agree 
with Dr. Sherry that the one point that is 
against this diagnosis is the long duration of the 
cardiac failure but I do not have enough data 
to know just how rare it is for patients with this 
disease to survive for many years after cardiac 
failure first develops. 

Let us go on to a consideration of the pul- 
monary lesion. You will recall that in addition to 
the symptoms that were presumably predomi- 
nantly cardiac in origin, including the severe 
exertional dyspnea and orthopnea, the patient 
had one episode of hemoptysis occurring ap- 
proximately five weeks prior to admission. This 
would appear to have been a true hemoptysis 
and not vomiting of blood. Dr. Benz, would you 
now discuss the chest roentgenograms? 

Dr. RicHARD Benz: The first film of the chest 
was taken on April 6, 1956, and revealed marked 
enlargement of the cardiac silhouette, calcifica- 
tion in the aortic arch and a striate infiltration 
ending in a patchy infiltration in the left upper 
lung field. This infiltration appeared to abut 
on the pleural surface and had a somewhat 
triangular appearance. There was also, possibly, 
an infiltration in the right base as well as some 
pleural effusion on the left. The etiology is 
obscure. The infiltration was called a pneu- 
monitis and could be on the basis of a pulmonary 
infarct. Other films taken on the same date, were 
in the supine position and showed that the left 
costophrenic angle was clear, which indicated 
that the fluid had reached a more dependent 
part. In the lateral projection one could identify 
the infiltration as being in the apical segment 
of the left upper lobe. Three weeks later portable 
films were taken which showed that the left up- 
per lobe infiltration had not changed appreci- 
ably. The infiltration in the right lower lobe was 
more apparent. In the second set of films the 
infiltration was again called a pneumonitis with 
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the possibility of: a metastatic lesion being 
considered. 

Dr. REINHARD: Before these last roentgeno- 
grams of the chest were taken, a gastrointestinal 
series had been obtained and these were inter- 
preted by at least one of the radiologists as possi- 
ble carcinoma of the rectosigmoid. The last chest 
film was interpreted by the same individual as 
representing possibly a metastatic lesion to the 
lung. Dr. Smith, would you tell us what you 
believe her pulmonary lesion to be. 

Dr. SmitH: The comments I made before were 
directed toward the early course of the patient. 
The picture had changed. There was calcium in 
the aorta and we know that diabetes was discov- 
ered, so that the possibility of coronary disease 
must now be considered. The pulmonary lesion 
is extremely interesting. It seems to me that 
the degree of dyspnea from which this patient 
suffered was out of all proportion to the ab- 
normality of cardiac function. This observation 
brings up the problem of the dyspnea of pul- 
monary vascular obstruction. It is the sort of 
dyspnea occurring in individuals whose lungs 
have been showered with embolic particles or 
develop minute infarcts. The picture also re- 
minds one of extensive and extreme pulmonary 
fibrosis. The question arises as to whether or 
not there is an acutely raised pulmonary arterial 
pressure which may stimulate the receptors to 
provoke this remarkable dyspnea. Since the 
possibility of carcinoma has been entertained, I 
wonder whether there has been a seeding of 
the lungs by metastatic lesions, or whether there 
has been an extensive thrombosis within the 
vasculature of the lungs which occasionally 
occurs in carcinomatous disease. 

Dr. REINHARD: The lesion in the left upper 
lobe of the lungs seen in the chest film has a 
triangular appearance which extends out to the 
pleural surface and looks like a characteristic 
infarct. In addition, you suggest that the symp- 
toms would: be entirely compatible with either 
multiple thrombi or emboli elsewhere in the 
lungs. What is the relative frequency of embolic 
phenomena in hypertensive, arteriosclerotic 
and rheumatic heart disease as well as in fibro- 
elastosis. Is embolization merely a function of the 
duration of the congestive failure? 

Dr. SmirH: Pulmonary embolization is fre- 
quently related to congestive failure. The emboli 
arise peripherally under the influence of chronic 
passive congestion. It also occurs in auricular 
fibrillation which is likely to be found in any one 
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of these types of heart disease. Multiple emboli 
may also be part of any debilitating illness. 

Dr. REINHARD: In Dr. Thomas’ article on 
fibroelastosis it was stated that in nine of twelve 
adult patients, mural thrombi were found in one 
or more chambers of the heart and eight of them 
gave evidence of embolization to one or more 
organs. These data give an incidence of emboli in 
appreximately two-thirds of the cases. Admit- 
tedly this series is a small one but it suggests an 
extremely high incidence of embolic phenomena 
in association with this particular type of endo- 
cardial disease. 

Dr. Harford, on the twenty-sixth hospital day 
the sputum culture yielded an almost pure 
growth of coagulase—negative staphylococcus 
aureus. What is the significance of this finding? 

Dr. Cart Harrorp: During the stay in the 
hospital the patient had an irregular low grade 
fever ranging between 37° and 38.5°c. with a 
terminal spike to 39.5°c. This patient had two 
sputum cultures. The first one was on the eight- 
eenth hospital day in which a few coagulase 
negative organisms were found. In the second, 
on the twenty-sixth hospital day, profuse growth 
occurred but the coagulase test was not per- 
formed on this particular specimen. No sensitiv- 
ity tests were performed. These findings are not 
decisive as to whether the patient may have had 
micrococcal pneumonia or not. It is perfectly 
possible that these organisms were what re- 
mained after the penicillin and streptomycin 
sensitive organisms were removed from the 
sputum by chemotherapy. These bacteriologic 
findings could be encountered in any patient 
with sputum on such chemotherapy even with- 
out a pulmonary lesion. On the other hand, we 
should not interpret the coagulase test in a rigid 
manner. There is a general correlation between 
the pathogenic micrococci and che coagulase 
test. However, in the lung, host factors of resist- 
ance are of such importance that we should not 
rule out the possibility that this organism may 
produce a pneumonia even though it is coagulase 
negative. In a patient who has diabetes, and who 
is in cardiac failure, the resistance is undoubtedly 
lowered. 

Dr. REINHARD: How often does one observe 
superimposed infection in an area of pulmonary 
infarction? 

Dr. Harrorp: All I can say is that it is 
frequent. 

Dr. REINHARD: Next, let us consider what 
happened in this patient’s eye. She had pains, 
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swelling and blindness, which came on very 
suddenly. This sequence suggests that the eye 
lesion might also have been an embolic manifes- 
tation. Dr. Becker, would you discuss the pa- 
tient’s panophthalmitis? 

Dr. BERNARD BEcKER: There is evidence from 
the history and from the physical findings that 
this patient had diabetic retinopathy. It is only 
fair to say that in a patient with diabetic 
retinopathy the commonest cause of an acute 
episode of pain and loss of vision in an eye 
would be hemorrhagic glaucoma. That is, 
glaucoma secondary to hemorrhage in the eye 
with newly formed vessels on the surface of the 
iris. The question in this particular case however 
is answered by the physical findings. The de- 
scription of the amount of chemosis and of the 
nature of the ocular lesion is most suggestive of a 
panophthalmitis, and panophthalmitis is be- 
lieved to be secondary to a bacteremia with 
localization of some pus forming organism 
within the eye. The only other possibility is the 
very rare episode of a metastatic lesion to the 
anterior segment of the eye, which can exactly 
simulate this situation. 

Dr. REINHARD: If this was an infectious 
panophthalmitis, why would the pain, swelling 
and blindness come on so rapidly? She ap- 
parently lost her vision almost completely in a 
very short period of time. 

Dr. Becker: The eye forms an excellent cul- 
ture medium and bacteria grow exceedingly well 
in the vitreous and aqueous humors of the eye. 

Dr. REINHARD: We now come to a considera- 
tion of the gastrointestinal lesion. Five weeks 
prior to admission to the hospital mid-epigastric 
pains developed which radiated through to the 
back. The patient also had nausea and vomiting 
which persisted. She had a severe hypochromic 
anemia at the time of admission to the hospital. 
She had a reticulocytosis of 8.7 per cent. Her 
stools were tarry and guaiac positive. I will 
therefore assume without further discussion that 
she had a bleeding gastrointestinal lesion. Dr. 
Benz, would you now discuss the gastrointestinal 
films? 

Dr. Benz: The patient had to be examined in 
the semi-prone and semi-supine positions be- 
cause of extreme dyspnea. In the upper gastro- 
intestinal series there was a suspicious curvilinear 
density posterior to the stomach which displaced 
the esophagus somewhat to the right side. There 
may also have been some displacement of the 
small intestinal loops. On April 16, six days 
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later, the examination of the colon was per- 
formed and the lateral view of the rectum showed 
an area of constriction in the rectum. There is 
the possibility that the defect was due to an 
extrinsic lesion indenting this area. However, 
it appeared very typical of a carcinoma of the 
rectum. In trying to tie together the mid-epi- 
gastric pain, the suspected lesion in the mid- 
postgastric region, the chest film and the rectal 
lesion we suggest the possibility of a pancreatic 
tumor with implants in the rectosigmoid region 
and with metastases to the lung. 

Dr. REINHARD: Dr. Daughaday, are patients 
who have diabetes predisposed to carcinoma of 
the pancreas? 

Dr. DaucuHapay: In the experience 
of the Joslin group carcinoma of the pancreas 
has been found in an inordinate number of their 
diabetic patients who have had an autopsy 
examination. It is certainly the belief that 
carcinoma of the pancreas is more common in 
diabetes. One might suspect that the relationship 
should be the other way around, that the pa- 
tients initially had carcinoma of the pancreas 
which destroyed the pancreatic islet cell func- 
tion. However, the histories of these patients 
were analyzed from this point of view and it was 
found that in most cases they had diabetes for 
more than two and one half years which is be- 
yond the usual life expectancy of carcinoma of 
the pancreas. I believe, therefore, that the feeling 
now is that carcinoma of the pancreas is more 
common in diabetes. Any functional interpreta- 
tion of why this should be is completely unknown. 

Dr. REINHARD: Dr. Duden, would you discuss 
this patient’s symptoms in relation to the sugges- 
tion that has been made by the radiologist that 
she might have had a carcinoma of the pancreas. 
Is the type of pain suggestive of carcinoma of the 
pancreas? 

Dr. CHARLES DUDEN: Yes, it is very common 
for pancreatic disease, especially malignant dis- 
ease or cystic disease, to produce radiation of 
pain straight through to the back. 

Dr. REINHARD: What do you believe is the 
cause of this patient’s gastrointestinal bleeding? 

Dr. Dupen: I would probably accept the 
diagnosis of cancer of the rectum. One cannot 
ignore the roentgenologic evidence, but there is 
some suggestion of extrinsic pressure on the 
rectum which might be seen with a lesion higher 
up. The palpation of the abdomen, the size of the 
liver, the venous thrombosis, all would be con- 
sistent with malignancy in the lower intestinal 


tract, except for the fact that the stools were al- 
ways tarry. It is difficult to accept bleeding of 
that type as coming from a rectal lesion. It 
directs one to a lesion higher up which was 
producing the bleeding. 

Dr. REINHARD: Dr. Eckert, do you have any- 
thing to add? 

Dr. CHARLES ECKERT: The surgical resident 
saw this patient in consultation and on rectal 
examination could not feel any intrinsic tumor 
nor could he feel a rectal shelf in the cul-de-sac. 
I believe it is hardly likely that she had an in- 
trinsic tumor of the rectum. It would be most 
unusual to overlook such a lesion. On the other 
hand, extrinsic masses can easily be missed, par- 
ticularly in an uncooperative patient. We cannot 
exclude the possibility of peritoneal metastases 
producing the defect which is seen on the roent- 
genogram. I am rather impressed with the 
evidence of a retrogastric mass. A tumor pene- 
trating either the stomach or duodenum which is 
bleeding and producing a secondary anemia as 
well as the remaining symptoms would seem to 
be more likely than a lesion of the colon. Lesions 
within the colon that produce tarry stools and 
anemia are more common in the right side of the 
colon than in the left. They may be completely 
asymptomatic and still be responsible for an 
extreme anemia or for the presence of a large 
mass, hitherto unsuspected but found on routine 
physical examination. But we have no evidence 
that there is a tumor of the right colon and pretty 
good evidence against it. If one is looking for an 
occult cancer of the alimentary canal, cancer of 
the stomach is the primary tumor to consider. 
Second in importance is cancer of the pancreas. 
But cancer of the stomach outranks all others. 
Although adequate roentgenograms may have 
been taken, and adequate gastroscopy may have 
been performed, there are many cases that later 
prove to be cancer of the stomach in spite of the 
lack of positive findings. On the other hand, the 
factors in this case suggest that a lesion in the 
pancreas may be present. 

Dr. REINHARD: Dr. Eckert, I am profoundly 
disturbed that nothing abnormal was felt on the 
rectal examination. What was the cause of the 
amazing roentgenographic abnormality in the 
rectum or colon if it was not a primary tumor. 

Dr. EckerT: One is much more likely to miss 
an extrinsic mass due to peritoneal metastases 
than an intrinsic lesion of the rectum. 

Dr. REINHARD: You believe that the degree of 
distortion was not great enough for it to be felt? 
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Dr. Eckert: I would have expected the ab- 
normality to be felt but, once again, it can be 
missed. It is unlikely that a primary rectal cancer 
would be missed. 

Dr. REINHARD: Are there any further com- 
ments? 

Dr. BRrucE KENAMORE: I would like to suggest 
another possibility that sould explain almost 
everything, that is, a dissecting aneurysm. 

Dr. REINHARD: Dr. Moore, I reviewed the 
roentgenograms and the peculiar curvilinear 
shadow in the upper abdomen is certainly not in 
the location of the abdominal aorta. It is high up 
in the abdomen but it does suggest a vascular 
arterial lesion. Dr. Wilson suggested that it 
might possibly represent an aneurysm of the 
splenic artery. Does this idea appeal to you? 

Dr. Moore: It appeals to me much less than 
does carcinoma of the pancreas because I believe 
there are many things that one could explain on 
the basis of carcinoma of the pancreas such as 
the greatly enlarged liver. I do not see how one 
could account for the big liver on the basis of a 
dissecting aneurysm or any other kind of 
aneurysm. 

Dr. Massie: We would be very remiss not to 
mention subacute bacterial endocarditis. It is 
likely that the patient had rheumatic heart dis- 
ease, mitral insufficiency, perhaps aortic stenosis 
and unexplained fever. She was told by her 
private physician that she had influenza and 
that pus had gotten to her eye from the blood 
stream. Perhaps it was actually the other way 
around. However, subacute bacterial endocardi- 
tis would not explain the _ gastrointestinal 
manifestations but the patient might have two 
independent diseases. 

Dr. REINHARD: How often does this type of 
panophthalmitis occur in subacute bacterial 
endocarditis? 

Dr. Becker: I have seen septic emboli in 
bacterial endocarditis but I have never seen 
panophthalmitis in this disease. 

Dr. HaArrForp: In view of all the talk about 
carcinoma, I would like to ask Dr. Becker if it is 
conceivable that the ocular lesion was actually 
the result of a cavernous sinus thrombosis. 

Dr. Becker: No. I believe not if the patient 
has signs of pus within the eye. Cavernous sinus 
thrombosis might produce proptosis and chemo- 
sis but not a purulent endophthalmitis as 
described. 

Dr. REINHARD: I would like to suggest that 
this patient had severe chronic congestive heart 
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failure which on the basis of statistical probabil- 
ity was most likely due to rheumatic valvular 
disease. I am attracted by the possibility of endo- 
cardial fibroelastosis. I believe that death was 
due to multiple emboli coming from the heart 
leading to infarction of the lungs and perhaps of 
other organs as well. The _ gastrointestinal 
bleeding was most likely due to a carcinoma 
of the pancreas with seeding of the serosa on the 
rectosigmoid. The patient had a panophthalmi- 
tis. She had mild diabetes. I believe she had mild 
hypertension in the past not contributory to- 
wards her death. The patient had a urinary 
tract infection, possibly pyelonephritis, and 
terminal azotemia. She may conceivably have 
had a renal infarction. 


PATHOLOGIC DISCUSSION 


Dr. F. Kraus: At autopsy, the body was that 
of a well developed, moderately obese woman, 
with edema (two plus) of the ankles. The right 
eye was hemorrhagic and the scleras bright red 
but permission for the examination of head and 
eyes had been refused in this case. Five hun- 
dred cc. of serofibrinous fluid were present in 
the abdominal cavity and 100 cc. in each of the 
pleural cavities. The heart was enlarged, weigh- 
ing 610 gm. Both ventricles were hypertrophied, 
the wall of the right measuring 6 mm. and that 
of the left 23 mm., but the right and left atria 
were of normal size. The aortic, tricuspid and 
pulmonic valves were not remarkable. The 
endocardium and all valves but the mitral ap- 
peared normal. The free edge of the latter valve 
was thickened and scarred. The chordae 
tendinae were thickened, shortened and in 
many places fused together. This lesion may be 
considered characteristic of chronic rheumatic 
endocarditis. In the center of the valve was 
present a large friable vegetation with fibrotic 
and hyaline borders with calcification in the 
deeper parts. Perforation of the valve had de- 
veloped in the center of this lesion. (Fig. 1.) 

The lungs were heavy (1,150 gm.), indurated 
and brown, indicative of severe chronic passive 
congestion. Firm rubbery nodules, granular on 
their cut surface, were scattered throughout all 
parts of the lungs, particularly throughout the 
upper lobe of the left side, suggesting broncho- 
pneumonia. Pulmonary infarcts were not de- 
tected grossly. 

Edema and congestion were present through- 
out the entire gastrointestinal tract, with pete- 
chiae in the walls of the stomach and entire 
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Fic. 1. The anterior leaflet of the mitral valve bears a 
friable vegetation, with necrosis and perforation in the 
central part of the lesion. The chordae tendineae are 
thickened, fused and shortened. 


length of the small intestine. A small, shallow 
acute ulcer was found on the lesser curvature 
of the stomach, lacking however any evidence 
of induration or fibrosis. A few cc. of stringy, 
coffee-ground material, representative of altered 
blood, were present in the stomach. A small 
polyp (2 mm. in diameter) was found at the 
rectosigmoid junction. The uterus was enlarged 
by several, very large leiomyomas and the latter 
appeared to compress the rectum and lower 
portion of the sigmoid colon. The liver and 
spleen were quite firm and red, again presenting 
the usual appearances seen in cases of chronic 
passive congestion. The kidneys were of normal 
size although their surfaces were finely granular. 
The “‘flea-bitten’’ appearance associated with 
kidneys of focal embolic glomerulonephritis, so 
frequently encountered in cases of subacute 
bacterial endocarditis, was not observed. 

Dr. REINHARD: Would you comment again 
about the uterus? I’m a little disturbed because 
the history indicated the patient had had a 
subtotal historectomy. 

Dr. Kraus: I noticed that too. 

Dr. STANLEY Hartrort: Most of the ques- 
tions presented by this case have already been 


Fic. 2. There is necrosis of the valve substance at the 
bottom of the photograph, with a polymorphonuclear 
leukocytic infiltrate around this area and superficial 
deposition of fibrin. Bacterial colonies were demon- 
strated within the area of necrosis and in the fibrin. 
Hematoxylin and eosin stain, « 100. 


answered by Dr. Kraus. I will demonstrate some 
aspects of the microscopic examinations of the 
mitral valve, lungs, liver, kidney and pancreas. 
In sections of the mitral valve evidence of an 
acute inflammatory response can be seen in the 
center of the lesion which becomes acellular and 
hyaline at the edges. (Fig. 2.) In the region of 
ulceration with perforation many polymorpho- 
nuclear leucocytes as well as lymphocytes are 
present. In one of these sections stained by 
Gram’s method, clumps of dark blue micrococci 
are present in small numbers. The entire lesion is 
absolutely characteristic of subacute bacterial 
endocarditis superimposed on a mitral valve 
scarred by previous rheumatic disease, although 
Aschoff bodies cannot now be demonstrated. 
Throughout the lungs, the air spaces are re- 
duced or even obliterated by a chronic fibrotic 
process diffusely thickening the alveolar walls. 
The alveoli are filled with hemosiderin-laden 
macrophages and the pigment was also demon- 
strable in the fibrotic areas and in walls of blood 
vessels. The latter frequently exhibit concentric 
or eccentric plaques of fibrous intima] thickening. 
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Fic. 3. Occasional glomeruli show a healing lobular necrosis without damage 
to the remaining lobules, consistent with a healing stage of focal embolic glo- 
merulonephritis. Hematoxylin and eosin stain; original magnification, X 500. 


In microsections of the liver we again en- 
counter the usual evidences of chronic passive 
congestion including a slight degree of fibrosis 
in centrolobular regions as well as atrophy of 
parenchymal cells in the same areas. Micro- 
scopically, the kidneys exhibited the typical 
focal lesions of atrophy and fibrosis associated 
with moderate nephrosclerosis. The walls of 
many arterioles were thickened and hyalinized, 
indicative of the patient’s elevated blood pres- 
sure. In a few of the glomeruli, focal necrosis of 
individual glomerular lobules was encountered 
(Fig. 3) although the lesions are not typical of the 
usual form of focal embolic glomerulonephritis. 
A few groups of tubules stood out because of 
vacuolation of the epithelial mural cells. ‘The 
pancreatic islets were diminished in number, 
size and intensity of beta cell granulation to a 
degree that would suggest a morphologic diag- 
nosis of diabetes. Atrophy of acinar tissue at 
lobular margins again reminded us of the pa- 
tient’s state of chronic passive congestion. 
Microsections of the small gastric ulcer indicated 
its acute nature and in addition revealed the 
presence of monilia spores and mycelia on its 
surface. The ulcer may have accounted for the 
patient’s tarry stools, but the anemia is more 
likely associated with the presence of subacute 
bacterial endocarditis. 

The chief anatomic diagnoses were therefore 
as follows: Primary: chronic rheumatic endo- 
carditis, slight, of mitral valve; chronic passive 
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congestion of the liver, lungs and spleen ad- 
vanced with marked hemosiderin deposition’in 
the lungs; chronic pneumonia, moderate, all 
lobes, with organization, most marked in the 
upper lobe of the left lung; calcium encrustation 
of elastica of pulmonary arteries; subacute 
bacterial endocarditis of anterior leaflet of the 
mitral valve with perforation of leaflet (Gram- 
positive cocci identified in section); acute con- 
gestion of the lungs, kidneys, and mucosa of 
gastrointestinal tract, moderate; ascites, serous, 
500 ml.; hydrothorax, bilateral, serous, 100 ml.; 
subcutaneous edema of lower extremities, 
moderate; subacute peptic ulcer of mucosa of 
lesser curvature of stomach, with superficial 
growth of fungus, probably monilia; small 
amount of altered blood in stomach; linear 
erosions of mucosa of esophagus moderate; 
ecchymoses and petechiae of mucosa of stomach 
and small intestines; edema and ecchymoses of 
mucosa of urinary bladder; recent thrombi in 
pelvic veins; atelectasis of lungs, slight; (history 
of diabetes mellitus, years). 

Dr. Harrorp: I would like to ask if cultures 
were made of the valvular vegetation? It is 
sometimes difficult to distinguish the micrococcus 
and streptococcus on morphologic grounds and 
the streptococcus is by far the commonest cause 
of bacterial endocarditis. of 

Dr. Hartrort: Bloed cultures were done, 
Dr. Harford but cultures were not made of the 
actual valve lesion. 
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Idiopathic Endomyocardial Necrosis’ 


GRANT N. STEMMERMANN, M.D. 
Hilo, Hawaii 


NDOMYOCARDIAL necrosis is an uncommon 
E, condition of uncertain origin which has 
been reported under many names. It has not 
been established whether it is a single entity or 
whether it is a non-specific change seen under a 
variety of circumstances. The present report 
deals with a case of this type associated with 
striking changes within the pancreas. It is 
possible that these changes are related to one 
another, having a common but non-specific 
cause. It is the purpose of this article to draw 
attention to the alterations of pancreatic struc- 
ture in the hope of stimulating a more intensive 
study of that organ in this disease state. 


CASE REPORT 


This twenty-nine year old Japanese woman was well 
until August, 1954, when she began to complain of 
fever and cough. She had had four pregnancies; the 
first three were uneventful, the fourth terminated 
spontaneously when the patient was six and one-half 
months pregnant. The infant weighed 3 pounds, 
2 ounces at birth and died of pulmonary insufficiency 
forty-eight hours after delivery. In February, 1950, 
the patient complained of palpitation and physical 
examination revealed tachycardia, a fine tremor of 
the hands, moderate exophthalmos and a lid lag. The 
basal metabolic rate at this time was +30 per cent; 
the thyroid] gland was moderately enlarged. Propyl- 
thiouracil was administered for five weeks, at which 
time it was discontinued because of the development 
of urticaria and angioneurotic edema. The patient 
refused surgery after symptoms decreased and her 
basal metabolic rate remained at normal levels. In 
addition she was seen on several occasions for the 
treatment of nasal allergy and sinusitis. She was well 
nourished and ate a balanced diet. Vitamin supple- 
ments had been given throughout her last pregnancy 
and the disease which followed it. 

The patient’s father was alive and well. Her mother 
had died of heart disease of unknown origin. One 
sister and three brothers were living and well. Two 


sisters died in infancy. Her husband was living and 
well, two children were living and well, one child had 
died of acute leukemia, one child of pulmonary 
insufficiency in the neonatal period. 

In early June, 1954, the patient was admitted to the 
hospital because of premature rupture of the mem- 
branes when she was six and one-half months preg- 
nant. She had been threatening to abort for four 
months, and during this time she was given stilbestrol 
and progesterone. A routine x-ray of the chest was 
found to be within normal limits, although when 
viewed in retrospect there was thought to be a slight 
enlargement of the left side of the heart. In the latter 
part of June, the patient had an upper respiratory 
infection. She was seen by a physician in the middle of 
July, complaining of fever and cough of five days 
duration. Examination revealed the presence of 
rhonchi at the left base. The patient was treated with 
tetracycline, responded rapidly and was apparently 
well for one month. In August she began to complain 
of fatigue, cough and coryza. Transillumination of the 
sinuses at this time revealed clouding of the maxillary 
antrums. Penicillin was administered on three occa- 
sions with no improvement. Her fatigue persisted and 
a feeling of pressure developed in the epigastric re- 
gion; she had occasional soft bowel movements (six 
times a day) and dyspnea on exertion. Physical 
examination revealed tachycardia, enlargement of the 
heart and basal rales. The blood pressure was 100/70. 
There was moderate exophthalmos. The patient was 
admitted to hospital for evaluation. 

Laboratory findings: Urinalysis showed specific 
gravity 1.010, albumin trace, sugar negative, white 
blood cells 8 to 10. The white blood cell count was 
9,000 per cu. mm. (neutrophils 62 per cent, lympho- 
cytes 36 per cent, eosinophils 2 per cent), hemoglobin 
13.1 gm. per cent, hematocrit 47. Feces showed 4+ 
occult blood in three specimens, was negative for 
ova and parasites; no eosinophils noted. The serologic 
test for syphilis was negative. Thymol turbidity was 4 
units gamma globulin 7 units. 

The patient was sent home where despite treatment 
with digitoxin her fatigue and shortness of breath 
increased. In the latter part of September pitting 
edema of the lower extremities and edema of the face 


* From the Laboratory Service, Hilo Memorial Hospital, Hilo, Hawaii. 
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and hands developed. She was readmitted to the 
hospital on September 24, 1954. 

Physical examination at this time revealed the pa- 
tient to be very apprehensive, short of breath at rest 
and cyanotic. There was obvious edema of the face 
and hands. The jugular veins were distended. The 
thyroid gland was barely palpable. The blood pres- 
sure was 110/90. The heart was enlarged to the left 
anterior axillary line. There were no murmurs or 
irregularities of rhythm. The second heart sound was 
reduplicated in the third left interspace. There were 
rales at both lung bases. The liver was enlarged four 
fingerbreadths below the right costal margin. The 
spleen was palpable one fingerbreadth below the costal 
margin. There was no gross ascites. The patient was 
afebrile on admission. Her resting pulse varied from 
80 to 120. Her respiratory rate varied from 20 to 
28. An electrocardiogram revealed absence of the R 
wave in lead 1 with the presence of an S wave. The T 
wave was low and upright in lead 1, but in leads 2 and 
3 the ST segments were depressed. The ST segments 
were convex, with inverted T waves in these leads. A 
similar pattern was present in lead AVF. In the 
unipolar precordial leads the descending limb of the 
QRS complex was slurred and notched. The ST seg- 
ments were depressed followed by inverted T waves in 
leads V; and V.. An x-ray of the chest revealed a large 
heart with evidence of pulmonary congestion. Venous 
pressure was 260 mm. of water. 

Laboratory findings: Urinalysis showed specific 
gravity 1.020, albumin trace, sugar negative, white 
blood cells 4 to 8 and red blood cells 8 to 10. The 
white blood cell count was 10,650 per cu. mm. 
(neutrophils 56 per cent, lymphocytes 38 per cent, 
monocytes 4 per cent, eosinophils 2 per cent). Hemo- 
globin was 14.6 gm. per cent, hematocrit 49. Blood 
chemistries were serum non-protein nitrogen 37 mg. 
per cent, sugar 107 mg. per cent, cholesterol 152 mg. 
per cent, albumin 3.3 gm. per cent, globulin 1.9 
gm. per cent. The protein-bound iodifie was 6.4 ug. 
per 100 cc. The serum alkaline phosphatase was 1.8 
Bodansky units, icterus index 10, Van den Bergh 
direct negative, indirect 0.4 mg. per cent. Search 
of the peripheral blood and bone marrow for L.E. 
cells was negative. The bone marrow had a normal 
cellularity with a myelo-erythroid ratio of 2.4:1. 
There was slight lymphocytosis of the marrow. 

The patient was digitalized with gradual disap- 
pearance of her edema. An x-ray of the chest on the 
fifteenth hospital day revealed a reduction of the 
cardiac shadow and disappearance of the pulmonary 
congestive changes. Subsequently, however, in spite 
of continued digitalis therapy, the patieni’s clinical 
condition again deteriorated. The heart appeared 
larger and fluoroscopic examination on the twenty- 
ninth hospital day revealed poor pulsation of the left 
cardiac border. A paradoxic pulse was noted. Aspira- 
tion of the pericardium yielded blood which clotted 
rapidly and had a xanthochromic serum. She was 
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again tapped the following day with similar findings. 
Following these procedures the patient improved to a 
slight extent. On the thirty-fifth hospital day the pa- 
tient began to have four or five soft stools a day. Stool 
examination failed to show amebaes. A low grade 
fever developed which on one occasion reached 
100.8°r. At the same time she also complained of 
lethargy, nausea and headache. On the fortieth 
hospital day all medications were discontinued. 
Her edema rapidly reappeared and shortness of 
breath increased. On the forty-seventh hospital day 
she had a sudden feeling of precordial constriction and 
died in a few minutes. 


NECROPSY FINDINGS 


The body was that of a twenty-nine year old 
Japanese woman who was well nourished. The 
skin of the lower extremities pitted deeply on 
pressure; nailbeds were cyanotic; nipples were 
darker than usual; eyes were prominent; fore- 
arms were hairy. The pleural spaces were 
patent, each containing approximately 1,000 cc. 
of reddish brown fluid. The pericardial sac 
bulged before it was opened. When opened, the 
sac was found to be distended with reddish 
brown fluid. The abdominal cavity contained 
500 cc. of clear straw-colored fluid. The liver 
edge was approximately 6 cm. below the costal 
margin at the lateral margin of the right rectus 
muscle. 

The head was not examined due to limitation 
of the autopsy permission. Each lobe of the 
thyroid gland measured approximately 4 cm. in 
length. The outer surface was smoothly lobu- 
lated; cut surface showed no evidence of gross 
pathologic change. The lungs weighed 580 gm. 
Their pleurae were smooth. Present in the sub- 
pleural portions of both lower lobes and the 
right middle lobe were sharply circumscribed, 
dark red, wedge-shaped zones which varied from 
2.5 cm. to 5.8 cm. in diameter. These zones 
were non-aerated and were elevated from the 
surrounding pulmonary tissue. The remainder 
of the lung parenchyma was tan in color and, 
although aerated, had a boggy consistency. 
On dissecting the branches of the pulmonary 
artery into the lung, occasional clumps of dark 
red material were noted within their lumens. 

The heart weighed 410 gm. Epicardial fat was 
scanty in amount, and there were numerous 
ecchymoses and petechiae in the epicardium. 
These were most numerous in the atrioventric- 
ular sulcus and along the course of the left 
anterior descending coronary artery. The entire 
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endocardial surface of the right heart was 
smooth and shiny, the foramen ovale was closed, 
and the auricular appendage was patent. The 
tricuspid valve ring measured 11.5 cm. in cir- 
cumference; pulmonic valve ring measured 
7.2 cm. in circumference. The leaflets of both 
valves were thin and delicate. The right inflow 
tract measured 7.7 cm. in length, and right 
outflow tract measured 10.2 cm. in length. 
The pulmonary conus was prominent. The inter- 
ventricular septum bulged towards the right. 
The entire endocardial surface of the left 
auricle was smooth and shiny. The auricular 
appendage was patent. The mitral ring meas- 
ured 9.2 cm. in circumference, and its leaflets 
were thin, delicate and avascular. The chordae 
tendineae were thin and delicate. Present on the 
wall of the left ventricle was a mural thrombus 
which extended from the apex upwards for a 
distance of 8.2 cm., reaching to within 2.3 cm. 
of the atrioventricular sulcus. ‘The thrombus ex- 
tended onto the posterior one-third and the 
anterior edge of the interventricular septum. 
It had a sharply circumscribed edge and could 
be peeled with some difficulty from the under- 
lying endocardium. The latter was greenish 
white in color and measured from 1 to 2 mm. in 
thickness. There were occasional small, white 
patches of endocardium, free of covering throm- 
bus, over the endocardium of the interventric- 
ular septum. The papillary muscles were 
flattened. The wall of the left ventricle measured 
from 7 mm. to 1.2 cm. in thickness. The deeper 
portions of the clot were yellow-red in color. 
The myocardium of both ventricles and of the 
interventricular septum was flabbier than usual. 
The aortic ring measured 6 cm. in circumfer- 
ence. The leaflets were thin and delicate. The 
coronary ostiums were patent, and the coronary 
arteries were patent as far as they may be traced. 
Their walls were soft, pliant and almost com- 
pletely free of plaques. Those that were noted 
were very ill defined streaks which varied from 
1 to 2 mm. in length and less than 1 mm. in 
diameter. The aorta retained almost all of its 
elasticity. Aside from occasional ill defined, yel- 
low streaks adjacent to the intercostal muscles, 
the luminal surface was without interest. These 
streaks varied from 1 to 2 mm. in length. 

The liver weighed 1,050 gm. The capsular 
surface was green in color after fixation in 
formalin. The hepatic markings were prominent 
(nutmeg liver). This change was not uniform 
throughout the liver, being most conspicuous in 


the inferior and subcapsular aspects. The biliary 
tree was patent throughout. The pancreas was 
firmer than usual, buff colored and had an intact 
lobular pattern. It weighed 67 gm. The spleen 
weighed 160 gm. Its capsular surface was tense 
and purplish red. The cut surface was dark red 
and contained prominent follicles. Present within 
the lateral aspects was a wedge-shaped, sharply 
circumscribed, yellow zone measuring 1.5 cm. in 
width and 2 cm. in depth. The adrenal glands 
were symmetrical in size. The cortical portions 
measured 1 mm. in thickness and were dull 
brown. They contained occasional flecks of 
golden tissue. The medullary portions showed no 
gross evidence of pathologic change. 

Each kidney weighed 160 gm. Present in the 
right kidney was a well defined zone where the 
cortex was golden yellow. Bordering the golden 
yellow zone was an area of the cortex which was 
dark red and had a hemorrhagic appearance. 
The involved area measured 2.4 cm. in its 
greatest width. Pelvic fat was somewhat in- 
creased in amount. The urinary tract, genital 
organs, gastrointestinal tract, parathyroid glands 
and musculoskeletal system showed no evidence 
of pathologic change. 


MICROSCOPIC DESCRIPTION 


Lungs. The alveolar spaces in the dark red 
areas were filled with red blood cells. The 
alveolar septums were necrotic. Present within 
the pulmonary arteries serving these portions 
of the lung were clumps of fibrin, neutrophils, 
fibroblasts and red blood cells. Protruding into 
the lumens of other vessels were rounded clumps 
of endothelial cells. In other areas the alveolar 
spaces and respiratory bronchioles were filled 
with clumps of fibrin, red blood cells, alveolar 
phagocytes, fibroblasts and collagen fibers. 
Within the intact portions of the lung bordering 
these zones, the alveolar spaces were uniform in 
size and contained hemosiderin-laden_histio- 
cytes. Their septums were thickened by dense 
connective tissue and were traversed by swollen 
capillaries. The bronchi were filled with mucus 
and red blood cells. The bronchial arteries and 
arterioles were greatly thickened in their intimal 
aspects so that their lumens were either greatly 
narrowed or obliterated. The epithelium of the 
bronchial glands contained occasional neutro- 
phils. The pulmonary arterioles were focally 
thickened in their intimal aspects by dense, 
hyaline connective tissue. Present on the surface 
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Fic. 1. Recent mural thrombus, left ventricle. Note in- 
tact myocardium at this site. Original magnification, 
x 120. 


of the pleura were collections of fibrin, red 
blood cells, histiocytes and nuclear fragments. 

Right Heart. The muscle fibers of the ventric- 
ular myocardium appeared to contain clear 
vacuoles within them. There were numerous 
greatly distended capillaries within the inter- 
stitial tissue. The latter contained small areas 
where its collagen fibers had a pink-fibrinoid 
appearance. There was no cellular reaction 
adjacent to these zones. Dense collections of red 
blood cells were present within the epicardial 
fat of the atrioventricular sulcus. 

Interventricular Septum. The muscle fibers were 
larger than usual. The septum contained patchy 
areas where the muscle fibers had been replaced 
by an edematous connective tissue composed of 
fibroblasts, lymphocytes and _ histiocytes. Also 
present were occasional minute areas where the 
muscle fibers had undergone necrosis. They had 
a pink-fibrinoid appearance and had lost their 
nuclei. The interstitial connective tissue border- 
ing these zones contained monocytic cells. 

Left Ventricle. ‘The endocardium was covered 
by a thick layer of fibrin, red blood cells and 
nuclear fragments. (Fig. 1.) Deep to this was a 
thick granulation tissue containing dense col- 
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Fic. 2. Area of recent myocardial necrosis, subendo- 
cardial aspects; left ventricle. Original magnification, 
x 265. 


lections of histiocytes, lymphocytes, plasma 
cells, fibroblasts and collagen fibers. There were 
fairly well defined areas within the myocardium 
where the muscle fibers had a necrotic appear- 
ance. (Fig. 2.) The fibers were mixed with col- 
lections of neutrophils and nuclear fragments. 
In some areas the zones of necrosis blended with 
areas wherein the muscle fibers had been re- 
placed by an edematous tissue rich in fibroblasts 
and myocytes. Present within the myocardium, 
and best seen in areas where there was extensive 
myocardial necrosis, were small vascular chan- 
nels which contained clumps of fibrin, fibro- 
blasts and endothelial cells within their lumens. 
The affected vessels appeared to be small arteries 
or arterioles. There were also small venous chan- 
nels, the lumens of which were occluded by col- 
lections of fibroblasts. Some of these venous 
spaces communicated with the vascular spaces 
within the mural thrombus. (Fig. 3.) 

Liver. The radial arrangement of the liver 
lobules was well preserved. In most areas the 
central veins and the central liver sinuses were 
greatly distended. Where this change was most 
conspicuous, the cord cells of the central portions 
of the lobules were widely separated and some 
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Fic. 3. Mural thrombus, left ventricle, with organization. 
Original magnification, < 45. 


had undergone necrosis. Neutrophils were ar- 
ranged along the persisting reticulum. 

Spleen. ‘There was a sharply circumscribed 
area where the parenchyma was necrotic. A 
small artery serving this zone was occluded by 
collections of red blood cells, fibrin, neutrophils 
and nuclear fragments. The zone of necrosis was 
bordered by an intact parenchyma containing 
blood-filled sinuses. The follicles were indistinct. 
Some of the splenic veins were filled with an 
edematous connective tissue composed of fibrin, 
fibroblasts, red blood cells, histiocytes and small 
vascular channels. 

Adrenal Glands. ‘The cortical portions were 
much thinner than usual. The cells of the zona 
glomerulosa were shrunken from the reticulum. 
There was marked depletion of cytoplasmic lipid 
in all levels of the cortex. The fascicular and 
reticular zones were greatly diminished in vol- 
ume. Present within the medullary portions and 
extending for variable distances into the cortical 
aspects were. focal aggregations of lymphocytes, 
plasma cells, occasional histiocytes and red blood 
cells. 


Fic. 4. Large, edematous islet; pancreas. Original magni- 
fication, 265. 


Pancreas. ‘The neck, body and tail of the pan- 
creas were similar in appearance. The islets were 
larger than usual (Fig. 4) and contained large 
vascular spaces which were filled with blood and 
pink-staining material. This islet enlargement 
was accentuated by a decrease in the volume of 
acinar tissue. (Fig. 5.) The acini were small and 
separated from one another by an edematous 
connective tissue containing plump fibroblasts, 
monocytes and dilated capillaries. The ducts 
were partially lined by clumps of squamous-like 
cells which protruded as globular masses into the 
duct lumens. (Figs. 6 and 7.) In some areas 
these clumps of cells were covered by flattened 
epithelial cells. This tissue pattern carries the 
implication that these cells are not of epithelial 
origin. It is the impression of the writer that they 
arise from subepithelial capillaries and represent 
a focal proliferation of endothelial cells. A few 
of the acini contained pink-fibrinoid material. 
The interlobular and peripancreatic fat con- 
tained areas of fat necrosis. These were sur- 
rounded by neutrophils and histiocytes. 

Kidneys. One kidney contained an area of 
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Fic. 5. Pancreas showing atrophy of acini. Note the halo 
effect caused by the relative preservation of acini adja- 
cent to islets. Original magnification, « 45. 


cortical necrosis. The outlines of the cortical 
structures were preserved in this region. Dense 
collections of red blood cells were noted in the 
glomerular loops. Present within the capsule 
bordering the area were distended capillaries, 
plasma cells, lymphocytes and fibroblasts. The 
medulla deep to this region had viable tubules. 
There were several small arteries, the lumens 
of which were greatly narrowed by a thickening 
of the intima. This thickening had resulted from 
a proliferation of the endothelial lining cells and 
reduplication of the internal elastic lamina. The 
loops of Henle and collecting tubules contained 
numerous hyaline casts, focal collections of neu- 
trophils and occasional red blood cells. Within 
the intact cortex the glomerular tufts were fairly 
well preserved. The capillaries of the interstitial 
tissue and the glomeruli were distended. 

Sections were also taken of the breast, skeletal 
muscle, thymus, thyroid and parathyroid glands, 
lymph nodes, uterus, large intestine and bone 
marrow. These did not reveal any significant 
changes. 
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Fic. 6. Globular mass of subepithelial cells protruding 
into duct lumen. Early change showing intact epithelium 
stretched over the cell mass. Original magnification, 
265. 


The slides and protocol in this case were sent to 
the Armed Forces Institute of Pathology for 
review. It was coded by that group as idio- 
pathic cardiac hypertrophy with endomyo- 
cardial necrosis and fibrosis. 


COMMENTS 


Cardiac disease similar to that noted in this 
case has been reported by numerous authors in 
Africa,'~* Europe® and America.*~* By far the 
greatest number have been described among 
native Africans. It is unfortunate, however, that 
there is little uniformity among various ob- 
servers as to the exact nature of the disease. An 
example of this diversity of opinion is as follows: 
Davies** has described endomyocardial fibrosis 
as one of the commonest causes of death due to 
heart disease in Uganda, British East Africa. 
Becker et al.' writing in South Africa in a paper 
on parietal endocardial thrombosis appear to 
include the East African cases in the same class 
as their own. The Uganda workers,”* however, 
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Fic. 7. Globular mass of subepithelial cells protruding 
into duct lumen. Note atrophy of covering epithelium 
and the numerous monocytic cells mixed with the cell 
mass. Original magnification, « 265. 


feel that Becker’s group of cases is heterogeneous 
and that, although it may contain cases identical 
to the East African type, it is not representative 
of it. Thomas et al. compound the confusion. 
After surveying the African scene from America, 
they concluded that Becker’s cases were identical 
with the East African cases but believed that 
Becker was not justified in including some of 
their own cases in this group. Williams, Ball and 
Davies* raise the question as to whether we are 
dealing with a pathologic entity or with an end- 
result common to several causes. They point out 
that there is a wide variety of possible causes of 
this cardiac disease, among which they number 
virus infection, allergy, collagenosis, toxins or 
malnutrition. It is also possible that two or more 
of these factors may work in concert to produce 
cardiac damage. 

Any attempt to establish this entity as a sys- 
temic disease should include a search of other 
organs for commonly associated lesions. This 
point was made by Elster, Horn and Tuchman.* 
These authors reviewed the work of Becker et al.! 
in which the disease was represented as a mani- 


festation of diffuse collagenosis. ‘The reviewers 
felt that the collagen degeneration was non- 
specific and limited to the subendocardium. 
They stated that collagen diseases are character- 
istically systemic in character and associated 
with a distinctive, although protean, clinical 
picture. 

It is for this reason that the pancreatic changes 
in the present case are of particular interest, 
since these structural alterations have not been 
previously associated with this condition. These 
changes may be summarized as follows: (1) exo- 
crine tissues: acinar depletion and acinar cell 
atrophy; focal proliferation of cells in the sub- 
epithelial aspects of the ducts; interacinar edema 
and infiltration with fibroblasts and monocytes: 
acute interstitial fat necrosis; (2) endocrine 
tissues: islet edema and enlargement. 

In order to evaluate the importance of these 
changes in relation to endomyocardial! necrosis, 
the writer requested the Armed Forces Institute 
of Pathology to review the pancreatic material in 
its cases of this disease.’ It was noted that of 
twelve cases, seven showed changes in the pan- 
creas. Most of these consisted of focal necrosis of 
acinar tissue and fat necrosis. Sometimes ducts 
were plugged with secretions; and, in one case, 
calculi, interlobular fibrosis and inflammation 
were variables of this same pattern of 
creatitis. In one case numerous islets were noted, 


pan- 


and in several instances there were occasional 
large islets. However, these were not more than 
one might see in any twelve cases selected at 
random for examination. 

Changes in the exocrine tissues of the pancreas 
similar to these have been reported in several 
states. Selye'® noted characteristic changes after 
a number of alarm stimuli (formaldehyde, 
morphine, atropine, adrenaline, spinal shock, 
surgical shock, cold and exercise). ‘These were 
seen during the alarm reaction stage. The gland 
lost its white color, becoming pink. The islets of 
Langerhans were readily distinguishable to the 
naked eye. Histologic sections revealed the 
acinar cells to have lost their secretory granules. 
They retained granules only in the immediate 
vicinity of the islets of Langerhans, forming an 
eosinophilic halo of almost normal excretory 
cells around the endocrine tissue accumulations. 
This striking halo-like arrangement was re- 
produced in the present case. The greatest degree 
of acinar atrophy and interacinar inflammation 
was noted at the peripheral portions of the 
lobules at the greatest distance from the islets. 
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Davies'' reported acinar cell atrophy as an 
early change in kwashiorkor. Later he noted 
hyaline change in some cells and tubular dilata- 
periacinar, intralobular and _ peri- 
tubular fibrosis. There was also periductal 
fibrosis. The acinar tissue was broken up by the 
fibrosis and the lobular outlines were delineated 


tion, and 


by broad bands of fibrous tissue. In advanced 
cases the acinar tissue disappeared over wide 
areas. Is this pancreatic change secondary to 
adrenocortical exhaustion due to the combined 
effects of protein deficiency and intercurrent 
disease? It is of interest that this disease occurs 
in the same area where a form of endomyo- 
cardial fibrosis is particularly common. Hig- 
ginson et al.‘ have reported cases of heart dis- 
ease, some similar to the present case, which are 
associated with the nutritional defects similar to 
those described in kwashiorkor. The natural 
diet of their patients is qualitatively inadequate. 
It is imbalanced in respect to amino acids, lacks 
animal protein, and the carbohydrate content is 
disproportionately large. 

Islet enlargement has been reported in Addi- 
son’s disease by Hinerman'’ and by Russfield.'* 
Occasionally the islands are large enough to sug- 
gest adenomatous hyperplasia. Sloper'* does not 
believe that Hinerman’s claims of islet hyper- 
plasia are valid, although he did note some islet 
adenomas in two cases of this disease. It is of 
interest that Davies felt that there was islet 
hypertrophy and possibly hyperplasia in kwashi- 
orkor. Is this additional evidence of adreno- 
cortical exhaustion in this disease? 

The pancreatic changes so far described have 
been seen in pathologic states characterized by 
the alarm reaction phase of the general adapta- 
tion syndrome and by the end stages of adreno- 
cortical exhaustion. It is of interest that the 
histologic appearance of the adrenal cortex in the 
present case was typical of the latter condition. 
In addition the patient had marked skin pig- 
mentation not unlike that seen in Addison’s 
disease. 

The ductal changes seen in the present case 
were of particular interest to the writer. In view 
of the rather striking lesions in other segments 
of the gland, I assume, for want of a better 
explanation, that they all have a common cause. 
Small globular masses of cells, apparently aris- 
ing from capillaries, appear in the subepithelial 
aspects. As they grow, they push the lining epi- 
thelium upwards until it becomes thinned. There 
is no epithelium over the larger elevations, and 
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here the cell masses are mixed with inflammatory 
elements (neutrophils and monocytes). It is 
probable that this change is not too uncommon, 
but rather it has been passed off as squamous 
metaplasia. | have made a superficial review of 
the cases of so-called collagen disease in my 
files and have found the same lesion in the case of 
a thirteen year old girl who died of rheumatic 
fever. This lesion was actually described and 
coded as squamous metaplasia. An extensive 
study of the pancreas in all disease states will be 
required before its true incidence is established. 

I believe that the basic pattern of the pan- 
creatic changes fits into the framework of the 
general adaptation syndrome. The failure to 
demonstrate a specific cause of the cardiac 
disease may rest upon the fact that none exists. 
One or more unfavorable stimuli working over a 
long period of time in susceptible individuals 
may account for the disease. 


SUMMARY 

1. A case is described in which endomyo- 
cardial necrosis was associated with pancreatitis. 
The pancreatic disease was characterized by 
islet enlargement, edema, peripheral acinar 
atrophy, interstitial inflammatory change, acute 
fat necrosis and focal proliferation of subepi- 
thelial cell masses within the ducts. 

2. The pancreatic changes appear similar to 
those seen in adrenocortical failure and during 
the general adaptation syndrome. 

3. The significance of the associated pan- 
creatic and cardiac diseases is discussed. 
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Flemington, New Jersey 


LTHOUGH atrial mural thrombus formation is 
A a common postmortem finding in all types 
of heart disease’? it is only rarely that such 
thrombi become of sufficient size or are so 
strategically located as to obstruct the associated 
valve and produce clinically recognizable 
physiologic disturbances. Occlusive or obstruc- 
tive thrombi are usually of three types—ball 
thrombi, pedunculated thrombi, or so-called 
mass thrombi. With very rare exceptions, such 
thrombi have been described as occurring in the 
left atrium, most often in association with mitral 
stenosis. 

Since the first description in 1814 by Wood? 
there has been recurring interest in the dra- 
matic clinical symptoms produced by occlusive 
thrombi. The majority of cases reported to date 
have been concerned with the effects of obstruc- 
tion of the mitral valve and a small number 
of these have been diagnosed antemortem on the 
basis of criteria suggested in 1890 by von Ziems- 
sen.‘ Bozzolo in 1896 made the first antemortem 
diagnosis following von Ziemssen’s criteria.° 

The clinical picture of thrombotic occlusion 
of the tricuspid valve is much less well known, 
only three well documented cases have been 
reported to date. In one of these diagnosis was 
made antemortem and the findings consisted of a 
ball thrombus in association with rheumatic 
heart disease.*® The others were due, respectively, 
to a ball thrombus accompanying acute vegeta- 
tive endocarditis’ and a pedunculated thrombus 
in a heart exhibiting coronary sclerosis and 
thromboangiitis obliterans.*® 

The present report is concerned with a de- 
scription of the clinical syndrome produced 
by an occlusive thrombus of the right atrium 
resulting from infarction of the atrial wall. 
This thrombus was of proper size and location 


to occlude intermittently the tricuspid orifice and 
produce a clinical syndrome sufficiently dra- 
matic to make antemortem diagnosis possible. 
We were unable to find a previous clinical 
description of an occlusive thrombus complicat- 
ing atrial infarction. 


CASE REPORT 


C. T. was an eighty-eight year old white man who 
was admitted to the Hunterdon Medical Center on 
October 24, 1953. He died on October 31, 1953. The 
patient was in a state of good health until two days 
before admission when, while standing in the street, 
he experienced sudden onset of substernal pain asso- 
ciated with dyspnea and weakness. He was seen by his 
family physician several hours later because this 
pain persisted. His blood pressure on examination was 
120/80. There was no evidence of congestive failure 
and the ventricular rate was 80 at the apex. He was 
treated at home for two days with bed rest. When he 
was examined again by his family physician it was 
noted that his pulse rate, which had been 88 on the 
previous two days, had dropped to 44. There was no 
other change in his clinical picture. 

The family physician reported that the patient had 
hypertension for the previous eleven years with occa- 
sional episodes of angina pectoris. For about the same 
period, he also had a duodenal ulcer with recurrent 
episodes of epigastric distress following meals; the pain 
had been relieved by food and antacids. 

The system review did not reveal any other 
significant abnormalities. 

Examination on admission revealed an acutely ill, 
elderly white man complaining of precordial pressure. 
There was slight dyspnea and slight cyanosis of the lips 
and nailbeds. Temperature was 97°F.; pulse 32; 
blood pressure 130/80; respirations 30. There were a 
few moist rales at both bases. Examination of the heart 
revealed the following: no point of maximal impulse 
could be palpated, the sounds were distant; the 
ventricular rate was regular at 40 beats per minute, a 
presystolic gallop rhythm was present. The aortic 
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and pulmonic second sounds were equal. There was a 
loud, systolic grade 3 murmur at the apex. The neck 
veins were only slightly distended. The liver was not 
palpable. The abdomen was soft. There was no pe- 
ripheral edema. 

Initial laboratory data were as follows: Hemogram: 
hemoglobin 14 gm.; red blood cell count 4,770,000; 
white blood cell count 8,300; neutrophils 82 (78 
segmented); lymphocytes 13; monocytes 5. Urinalysis: 
pH 5; specific gravity 1.024; trace of protein; sugar 
negative. The blood urea nitrogen was 12.6 mg. per 
cent. Electrocardiogram on admission revealed evi- 
dences of complete heart block with A-V dissociation, 
together with the changes of acute posterior wall 
myocardial infarction. 

During the examination on admission striking 
blue-black cyanosis of the lips, nose, ear lobes, fingers 
and cheeks developed suddenly. Associated with this 
episode there was marked engorgement of the neck 
veins, restlessness and dyspnea, but no change in 
auscultation of the chest and no change in the cardiac 
rhythm. The patient was lying supine at the time. The 
cyanosis lasted about ten minutes and disappeared 
without the patient changing his position. Con- 
comitantly the neck veins became flat and the air hun- 
ger disappeared. 

During his hospital stay the patient was treated 
with bed rest, analgesics, oxygen and amphojel® 
for postprandial epigastric distress. Because of the 
history of chronic peptic ulcer, together with symp- 
toms of epigastric distress, anticoagulants were not 
employed. 

On the first hospital day coarse, wet rales developed 
in both bases together with Cheyne-Stokes respiration 
and diminution in the patient’s sensorial acuity. He 
was digitalized with digoxin and maintained on 0.5 
mg. per day of this medication. 

During his hospital stay the most striking clinical 
feature consisted of recurrent episodes of intense 
cyanosis. Each day he had several attacks with a 
sudden increase in the degree of cyanosis to the point 
that his lips, earlobes, face and extremities appeared 
blue-black. Associated with this there was marked 
engorgement of the neck veins and veins of the upper 
extremities and there were disturbances in _ his 
sensorial state with either confusion and restlessness 
or somnolence. These episodes lasted from ten minutes 
to one-half hour, and ceased spontaneously with 
almost complete disappearance of cyanosis, great 
diminution in the engorgement of the veins, and re- 
turn of the sensorium to a more normal state. At no 
time did the cardiac rhythm change nor did rales in- 
crease in the lungs. Changes in the patient’s position 
did not appear to alter the episodes in any way. 
Peripheral pulses in upper and lower extremities 
and blood pressure readings were difficult to obtain 
during these episodes. 

On the morning of the seventh hospital day the pa- 
tient suddenly became cyanotic once more, but this 


Pellegrino et al. 


time he had several generalized convulsions followed 
by stupor with Cheyne-Stokes respirations and a 
change in pulse rate from 45 to 88. Blood pressure re- 
mained at 154/50. Electrocardiogram performed 
shortly after the onset of convulsions showed evidence 
of complete A-V block together with ventricular 
tachycardia from varying foci. (Fig. 1.) The patient 
was treated with oxygen, demerol® and aminophyllin. 
A repeat electrocardiogram showed complete heart 
block with disappearance of ventricular tachycardia. 
One hour after this episode the patient had a grand 
mal convulsion and died. Complete heart block was 
present on all serial electrocardiograms. No changes in 
the P-Q segment or PTa were noted at any time. 


PATHOLOGIC FINDINGS 


Gross. ‘The exterior of the body was conso- 
nant with the stated age of eighty-eight years 
and presented no unusual features. The great 
serous cavities were normal. The heart weighed 
500 gm., the enlargement being due principally 
to hypertrophy of the left ventricle. The most 
striking feature, however, was the marked dilata- 
tion of the right atrium and its appendage. 
Externally, these structures had a dark red 
granular appearance and their walls bulged 
outward rather prominently. (Fig. 1.) Cut 
section revealed this bulging to be due to a mas- 
sive organizing thrombus which completely filled 
the appendage and extended out over the pos- 
terior wall of the atrium for a distance of 4 cm. 
(Fig. 1.) The cut surface of the atrial wall and 
appendage was very thin and presented a dark 
red, hemorrhagic, granular appearance, espe- 
cially in the area occupied by the overlying 
thrombus. This blood clot was intimately 
adherent to the atrial endocardium. Its inner 
half had a pinkish gray appearance suggestive of 
organization, while the outer portions appeared 
to be of more recent origin. In view of the previ- 
ous Clinical impression of possible intermittent 
tricuspid occlusion, this feature was studied 
especially. The thrombus was believed to be 
strategically located and of sufficient size to have 
created an obstruction to the flow of blood from 
the right atrium to the right ventricle. The left 
atrium was completely negative and its append- 
age was patent. The right ventricular muscle 
averaged 4 mm. in thickness and showed no 
unusual alteration. The left ventricle averaged 
18 mm. in thickness. Multiple sections of this 
muscle revealed an extensive area of recent 
infarction involving the basilar half of the poste- 
rior wall. This change was characterized by 
ill defined yellowish zones alternating with 
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. Section of thinned out right atrial wall with the large adherent thrombus; hematoxylin and eosin, X 35. 


Fic. 2. Section through the thrombosed atherosclerotic right coronary artery. At the left can be seen the infarcted atrial 
muscle with the overlying mural thrombus; hematoxylin and eosin, X 35. 
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Fic. 3. A higher power view of Figure 2, showing the smudgy atrial muscle fibers with interstitial edema and neutro- 
philic infiltration. Organization within the thrombus is visible; hematoxylin and eosin, X 100. 


hemorrhagic zones. The remainder of the left 
ventricular muscle was not unusual. The valve 
orifices were of average size and their leaflets 
were not remarkable. The coronary arteries 
were normal in distribution, medium in caliber 


and all three branches showed _ extensive 
atheromatous changes with calcification. The 
lumina of the left anterior descending and the 
left circumflex arteries were pinpoint in caliber at 
several points. The right coronary, in addition to 
this feature, contained an organizing thrombus 
which completely filled its lumen starting 1 cm. 
from its exit at the aorta and extending distal- 
ward approximately 1 cm. (Fig. 2.) 

Examination of the rest of the organs revealed 
moderate congestion of the lungs, liver and 
spleen; a penetrating duodenal ulcer; a tubular 
adenoma of the left kidney; severe aortic athero- 
sclerosis; moderate arterial and arteriolar neph- 
rosclerosis. These gross findings were confirmed 
on histologic examination. 


Microscopic Study. Section of the right atrium 
showed extensive infarction of muscle fibers, par- 
ticularly in the subendocardial region. (Fig. 3.) 
Here muscle fibers had a pink amorphous ap- 
pearance with loss of cross striations and nuclei. 
The interstitial tissue was edematous and con- 
tained large numbers of neutrophils. The free 
luminal edge of the atrial endocardium was cov- 
ered by a thick thrombus which consisted of 
dense hyalin material with enmeshed neutro- 
phils. (Fig. 3.) As the free edge of the thrombus 
was approached, it showed less evidence of 
organization and consisted largely of intact red 
cells along with fibrin. 

Study of the right coronary at the point of 
occlusion revealed a dense pink hyalin mass 
completely filling its lumen. Moderate numbers 
of mononuclear cells and red blood cells were 
embedded in this mass. The vessel wall showed 
extensive atheromatous change characterized by 
concentric fibrous thickening of the intima, 
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destruction of the internal elastic membrane and 
the presence of large numbers of mononuclear 
cells in the media and adventitia. The media 
was severely compressed and the adventitia was 
thickened. 

Section of the left ventricular muscle showed 
the same acute changes of infarction that were 
found in the right atrium. 

Final Cardiac Pathologic Diagnoses. (1) Occlu- 
sion, recent, right coronary artery; (2) infarct, 
atrium and posterior wall left 
ventricle; and (3) thrombus, massive, right 
atrium with partial tricuspid valve occlusion. 


fresh, right 


COMMENTS 
[here have been several excellent reviews in 
the literature of the clinical and pathologic fea- 
tures of ball-valve and other types of occlusive 
thrombi of the left atrium. The reader is referred 
to Abramson’s review*® and to the more recent 
Evans and Benson,'! 


10 


compilations of Evans, 
Read et al.* and Radding.’ 

The clinical features of occlusion of the mitral 
thrombi in the left atrium have 
emerged from the clinical description of von 
Ziemssen,* later supplemented by Bozzolo® and 
Battistini'? who made the first antemortem 
diagnoses. These authors suggested that the 
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diagnosis of occlusive thrombi in the left atrium 
should be considered in a patient with mitral 
stenosis in whom signs of cyanosis and dyspnea 
developed together with diminution or absence 
of peripheral pulses, often with gangrene of the 
extremities. Elson'* added to this picture the 
important modality of intermittency of the 
cyanosis and of loss of the peripheral pulsations 
of the upper and lower extremities. Recently, 
Evans and Benson!' have emphasized that simi- 
lar clinical manifestations may be produced by 
adherent or pedunculated thromhi which do not 
satisfy the criteria set up for ball-valve thrombi 
(Welch"*). They prefer the term ‘‘mass throm- 
bus’’ which they apply to “any large thrombus, 
free or attached, occupying the greater part of the 
left auricle, as well as any small thrombus, that, 
by reason of its proximity to the mitral valve may 
cause obstruction to the flow of blood through 
the mitral orifice.’’"' 

In contrast with the attention given in the 
literature to the clinical and pathologic aspects 
of occluding thrombi of the left atrium, we were 
able to find only three well authenticated, 
autopsied cases involving obstruction of the 
tricuspid valve. The first case reported was that 
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of Wright, Flynn and Druet® in which a ball 
thrombus was observed in the right atrium in the 
presence of rheumatic heart disease and mitral 
stenosis. These observers were able to make the 
antemortem diagnosis in a patient with the 
clinical features of rheumatic heart disease in 
whom dusky cyanosis, dilated, pulsating neck 
veins and marked dyspnea developed. They 
emphasized the variations in intensity of the 
syndrome within short periods of time. They 
also found signs of tricuspid insufficiency, en- 
largement of the right heart and a changing 
cardiac silhouette on x-ray. 

Radding’ reported a case diagnosed at post- 
mortem examination exhibiting a ball thrombus 
in the right auricle associated with acute vegeta- 
tive endocarditis due to Friedlander’s bacillus. 
The clinical features were not very suggestive 
except for air hunger, chest pain and sudden 
death. 

The most recent case is that of Read et al.* 
who report the first instance of a pedunculated 
thrombus in the right atrium acting as an occlud- 
ing thrombus in a heart with coronary sclerosis 
and thromboangiitis obliterans. The striking 
clinical features were repeated episodes of air 
hunger, cyanosis, chest pain and transient loss of 
consciousness with feeble peripheral pulses and 
drop in blood pressure. These episodes could be 
precipitated by changing the patient’s position 
in bed. The authors were impressed by the ab- 
sence of rales during the episodes of dyspnea— 
an impressive finding in our own case. 

Macleod'’® in 1883 reported the case of a 
twenty-seven year old man with cholera who 
died following symptoms of convulsions, cyanosis 
and air hunger. A movable clot “‘half again as 
large as a walnut’ was found overlying the 
tricuspid orifice. This case merits consideration, 
however, since it describes, although briefly, 
symptoms and autopsy findings suggestive of tri- 
cuspid occlusion. Certainly the triad of cyanosis, 
air hunger and convulsions described by Mac- 
leod recurs in the other three cases in the liter- 
ature and in our own. 

In 1945 Mahaim’* published a very extensive 
review of tumors and polyps of the heart. He was 
able to document thirty-seven cases of obstruc- 
tion of the tricuspid valve at postmortem ex- 
amination, only five of which could be con- 
sidered thrombotic in origin. He very critically 
scrutinized the clinical aspects of these cases. 
The most frequent findings were dyspnea, 
cough, edema and occasional episodes of syn- 
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cope. Cyanosis was frequent but intermittency 
was not commented upon. Mahaim concluded 
that no consistent clinical syndrome was pro- 
duced by tricuspid valve obstruction which was 
sufficiently reliable to be of aid in antemortem 
diagnosis. This applied also to the cases which 
were due to neoplasms occluding the tricuspid 
valve. 

The clinical diagnosis, or at least suspicion of 
the existence of a tumor or thrombus producing 
obstruction of the mitral or tricuspid valves, has 
become of practical importance since the demon- 
stration that such lesions can be successfully op- 
erated upon.'’ The manifestations of an atrial 
tumor or thrombus would be the same and dif- 
ferentiation of little importance since surgical 
removal would be advisable in either case. 
Goldberg and Steinberg'* have emphasized the 
value of angiocardiography in the delineation of 
atrial tumors and suggest that ball thrombi 
would probably be demonstrable by this method 
as well. Clinical recognition of the possibility of 
valvular obstruction followed by angiocardiog- 
raphy should prove most valuable in the detec- 
tion of these lesions. 

There appears to be considerable overlap in 
the clinical manifestations of obstruction of the 
mitral or tricuspid valves. Dyspnea, cyanosis, 
signs of congestive heart failure, chest pain, 
cough, convulsions and intermittency of these 
symptoms associated with changes in the pa- 
tient’s position are shared by both types of 
obstruction. Mitral valve obtruction should be 
suspected when there is evidence of disturbances 
in peripheral circulation with absence of pulses 
in the extremities or gangrene of the toes, fingers 
or nose tip. When the remainder of the clinical 
features suggest rheumatic heart disease and 
mitral stenosis, the valve obstruction will most 
likely be due to thrombus.'*’ In the absence of 
such signs the possibility of tumor would be 
uppermost although thrombi have been reported 
in the absence of rheumatic heart disease.*° 

Tricuspid obstruction, on the other hand, 
appears more probable when the signs of inter- 
ference with right heart inflow predominate, 
such as marked engorgement with or without 
pulsation of the veins in the neck and upper 
extremities. Also of considerable interest is the 
presence of marked air hunger in the relative 
absence of rales in the lungs. These signs were 
striking in the cases reported by Wright et al.® 
and Read et al.* as well as in the present case. 
The diagnosis should also be considered in all 


patients with so-called right-sided failure in 
which the pathogenesis is questionable. 

Another interesting aspect of the case reported 
here is the production of an occluding thrombus 
as a consequence of atrial myocardial infarction. 
The high incidence of atrial mural thrombus 
formation in atrial infarction has been empha- 
sized in recent studies of Cushing et al.,*' Soder- 
strom** and Wartman and Hellerstein.** Despite 
this fact, a careful review of the clinical features 
of these cases (thirty-one of Cushing et al., 
forty-six of Soderstrom) and of others, failed to 
reveal any in which the atrial thrombus resulted 
in occlusion of either the tricuspid or mitral 
valve. 

The attempts in most studies to reconstruct a 
suggestive picture of atrial infarction have not 
been successful since the signs of the associated 
ventricular infarct usually take 
Following the suggestion of Langendorf in 
1939,*4 Hellerstein®® in 1948 was able to make 
the diagnosis of atrial infarct on the basis of 
changes in the P-Q segment. In our case these 
changes did not occur but we were able to make 
the antemortem diagnosis on the basis of the 
signs produced by the associated thrombus. In 
view of the high incidence of thrombosis with 
atrial infarcts, we would like to suggest that the 
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syndrome we have described may be useful in 
detection of this lesion. 


SUMMARY 

(1) Acase is presented of atrial infarction with 
mural thrombus formation producing the syn- 
drome of tricuspid valve occlusion by virtue 
of its size and position. 

(2) The clinical syndrome 
sufficiently striking so that antemortem diagnosis 
of both lesions was possible. 

(3) Only three previous cases of occluding 
thrombi of the right atrium have been reported, 
none in association with atrial infarction. 

(4) The clinical pictures of tricuspid and 
mitral valve occlusion are contrasted and their 
increasing practical importance is emphasized. 


produced was 


ADDENDUM 

Since submitting this paper, an additional case 
of thrombus of the right atrium with tricuspid 
occlusion, which occurred in a patient with rheu- 
matic aortic stenosis, has been reported by E. 
Frommer (British Heart Journal, January 1956). 
This paper describes symptoms similar to those 
in the present case. Dr. Frommer also refers to 
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twocases in the South American Literature (Moia 
et al. and Romana). 
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Salt-losing Nephritis with Fixed 


Urinary Composition’ 


Harvey C. KNOwL.LEs, JR., M.D., Howarp LEVITIN, M.D. and ALBERT BRIDGES. M.D. 


Cincinnati, Ohio 


LTHOUGH the salt-losing tendencies of chronic 
A renal disease have been emphasized, few 
cases have been reported demonstrating marked 
failure of the renal tubule to dilute the urinary 
sodium.'~'® This case is presented to contribute 
additional clinical observations to the literature 
and to report on the uniformity of urinary 
electrolyte composition in this condition. 


CASE REPORT 


R. C., a thirty-seven year old white man, was ad- 
mitted to the Medical Service of Brown Hos ital on 
December 17, 1953. For approximately twelve years 
this patient had experienced mild intermittent epi- 
gastric pain which usually occurred after eating. 
He had received ulcer therapy (type and duration 
unknown) but had had no relief. Nine months prior 
to admission he noted mild weakness, malaise and 
shortness of breath on exertion. Three months later 
progression of these symptoms forced the patient to 
stop work as a gardener. At that time he also noted 
intermittent nausea with occasional postcibal emesis. 
Five months before admission the patient began to 
experience tingling and cramping in his arms and 
legs. A mild craving developed for salt which re- 
lieved these latter symptoms. Relief also followed food 
ingestion. With an unknown amount of weight loss 
and with further progression of his weakness and short- 
ness of breath, he was admitted first to the Medical 
Service of the Cincinnati General Hospital on Sep- 
tember 18, 1953. Here a diagnosis of chronic nephritis 
with salt-losing tendency was made. The patient was 
maintained on a regimen of high salt and fluid intake 
and was transferred to Brown Hospital for chronic 
care. 

Approximately ten months prior to admission the 
patient had contracted gonorrhea which was success- 
fully treated with penicillin. He had noted nocturia 
for six months before admission but no dysuria or dark 
urine. To his knowledge he never had had albumi- 
nuria, previous renal disease or hypertension. There 
was no history of scarlet fever. A system review was 
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non-contributory. The patient was not aware of any 
changes in skin coloration. 

On admission physical examination revealed a thin 
white man who appeared chronically ill. He was 
oriented but responded sluggishly. The body tem- 
perature and pulse rate were normal; the blood pres- 
sure was 120/80. The skin was a sallow brown hue. 
Hydration appeared normal. Examination of the ears, 
nose and throat revealed no abnormalities. The 
conjunctivas were pale. Funduscopic examination 
revealed normal discs and vessels without extravasa- 
tion or deposit. The neck was normal. The lungs were 
clear to percussion and auscultation. The heart was 
not enlarged and a normal sinus rhythm with a grade 
1 apical systolic murmur was heard. Abdominal 
examination revealed mild epigastric tenderness with- 
out spasm. No masses or organs were palpable. The 
extremities appeared normal and neurologic examina- 
tion was unremarkable. 

Laboratory studies made during the patient’s course 
in the two hospitals revealed a hemoglobin varying 
from 8.0 to 10.1 gm. per cent and a white count of 
5,600 to 11,400 cells per cu. mm. with a normal dif- 
ferential count. The urine was usually acid with the 
pH approaching 7.0 terminally. The specific gravity 
ranged from 1.005 to 1.013. Of twenty-three specimens 
examined for albumin twenty-one were either negative 
or contained a trace; on two occasions a 2 plus albumin 
was observed when the patient was edematous from 
excessive sodium input. Frequent examinations of the 
sediment revealed no casts or cells except terminally 
when a few white blood cells were found after catheter 
drainage had been performed for a prolonged period. 
Sugar and acetone were never present. Urine cultures 
were negative. Phenolsulfonphthalein excretion was 
less than 10 per cent in two hours. 

The blood urea nitrogen concentration ranged from 
61 to 200 mg. per cent and was 114 mg. per cent at 
the time of death. The blood creatinine concentration 
was 9.2 mg. per cent on admission and rose to 17.1 mg. 
per cent terminally. The serum sodium concentration 
ranged from 120 to 145 mEq./L., that of chloride from 
79 to 103 mEq./L., and that of potassium from 3.3 to 
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5.2 mEq./L. The serum carbon dioxide content 
varied from 19 to 28 mEq./L. and was once 11 
mEq./L. following excessive salt intake. The serum 
calcium concentration ranged from 8.9 to 10.3 mg. 
per cent, the serum phosphorus concentration from 
3.0 to 8.8 mg. per cent. The serum acid and alkaline 
phosphatases were 0.3 and 1.2 Bodansky units, 
respectively. The serum albumin concentration was 
3.3 gm. per cent, serum globulin 2.6 gm. per cent 
and serum cholesterol 176 mg. per cent. Two fasting 
blood sugar determinations were 112 and 122 mg. per 
cent. The Kahn serologic test was negative. 

Roentgen examinations of the chest and long bones 
were normal. The electrocardiogram was normal. 
Gastric analysis showed no free hydrochloric acid after 
histamine stimulation. Liver function tests were 
normal. Examination of the cerebrospinal fluid re- 
vealed normal pressure, no cells and a protein content 
of 44 mg. per cent. The blood retained 74.1 per cent of 
injected congo red dye. 

The patient was maintained most comfortably on a 
low protein diet with high fluid intake and a daily in- 
take of sodium equivalent to 12 to 18 gm. of sodium 
chloride and 7.5 gm. of sodium bicarbonate. Decrease 
of sodium below the equivalent of 9 gm. of salt daily 
resulted in weakness and cramping, whereas an in- 
crease above 40 gm. a day resulted in oliguria and 
edema. At no time did the patient’s blood pressure 
rise above 130/80. The ocular fundi remained normal 
in appearance. During the latter months of the pa- 
tient’s life evidence of a left peroneal neuritis with 
sensory and motor disturbance developed. Following 
the onset of uremic coma, the patient died on March 
10, 1954. 

Autopsy was performed ten hours postmortem. 
With the exception of the kidneys, the only significant 
pathologic findings were concentric hypertrophy of 
the heart and acute passive congestion of the lungs. 
The kidneys were small, weighing approximately 100 
gm. each. In the upper pole of the right kidney there 
was a cyst measuring 2.5 to 3.0 cm. in diameter. The 
capsules which were stripped with difficulty revealed 
pale pink-gray cortices, both finely and coarsely 
granular. Cut sections of the kidneys revealed the 
corticomedullary boundaries to obliterated. 
Multiple small cysts in both cortices and medullae 
were noted. The renal pelves were small with smooth 
white mucosal linings. 

Microscopic examination of the kidneys showed the 
glomeruli in various stages of hyalinization. A few 
glomeruli demonstrated some thinning of the capillary 
walls and periglomerular fibrosis. In both the cortex 
and medulla there was marked interstitial fibrosis with 
focal and diffuse lymphocytic and histiocytic infiltrate. 
The arteriolar walls were thickened and hyalinized. 
There was no evidence of arteriolar necrosis or ar- 
teriolitis. The appearance of the kidneys was con- 
sidered by the pathologist to be compatible with that 
of chronic pyelonephritis. 
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OBSERVATIONS 


Balance studies were made during two periods 
of salt restriction. Data concerning sodium in- 
take and urinary composition are listed in Table 
1. A twenty-four hour aliquot of the low sodium 
diet used contained 24 mEq. of sodium by 
analysis. 

In the first study the patient was placed on the 
low sodium diet for eight days and allowed salt 
by tablets as desired to achieve a sense of well- 
being. During this period his weight remained 
relatively constant. Although the sodium intake 
was not accurately measured, the daily urinary 
output ranging from 322 to 432 mEq. suggests 
that a daily intake of approximately 400 mEq. 
was most satisfying to the patient. On the ninth 
day his daily intake of sodium was decreased 
to less than 200 mEq. and at the end of the next 
day he noted mild abdominal and leg cramps. 
The patient continued in probable minimal 
negative salt balance to the fourteenth day when, 
due to a worsening of his cramps, he received 
536 mEq. of sodium parenterally with immediate 
relief. On the fifteenth day his daily intake of 
sodium was limited to 71 mEq. The next day 
the patient again noted mild cramping. Three 
days later nausea and vomiting ensued followed 
by oliguria and eventual hypotension and salt 
therapy was reinstituted. At the time his serum 
sodium had dropped to 132 mEq./L. Again it 
will be noted that relatively little salt was lost 
before symptoms ensued. 

During this period of study the urinary sodium 
concentration remained within narrow limits 
(95 to 124 mEq./L.) regardless of whether salt 
intake was excessive, moderate or restricted 
to the point of oliguria and hypotension. The 
concentrations of potassium, chloride, phos- 
phorus and total solutes also remained rela- 
tively constant. Unfortunately, specimens from 
the fourteenth through the twentieth days were 
lost before concentrations other than sodium 
could be determined. 

In the second study the effects of desoxy- 
corticosterone acetate (DOCA) on mineral 
balance were investigated. During an eight-day 
control period with an intake of 409 mEq. of 
sodium daily, the patient remained approxi- 
mately in sodium balance and symptom-free. 
His intake was then reduced to 89 mEq. daily 
and he received 10 mg. of DOCA intramuscu- 
larly. On the second day mild cramping oc- 
curred. ‘Two days later nausea and vomiting 
occurred, followed by oliguria and hypotension, 
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TABLE | 


URINARY 


COMPOSITION DURING 


SALT RESTRICTION 


Blood 
Urea 
Nitrogen 

(mg 


Na Input 
Symptoms 
(mEq 


day) (mEq 


Serum Na 


) 


Urine 


lotal 
Solutes 
mOsm./I 


Cl K 


(mEq 


Na 
mEq./I 


Volume 
(mEq./L.) 


(cc./day) 


Study I 


Low sodium diet (24 mEq.) None 143 
Same plus salt tablets ad lib 
Same plus salt tablets ad lib. 

| Same plus salt tablets ad lib 
Same plus salt tablets ad lib 
Same plus salt tablets ad lib. 
Same plus salt tablets ad lib 
Same plus salt tablets ad lib 
200 
200 
200 


ramps 
sramps 
sramps 
cramps 


Cramps 
Cramps 
Cramps 

\ 
Hy potensive 


409 None 
409 
409 
409 
409 
409 
409 
409 
89 mEq. plus 10 mg. DOCA 
DOCA daily 
DOCA daily 
DOCA daily 
DOCA daily 


| 
2 
3 
4 
5 
6 


Cramps 
Cramps 
Cramps 
Vomiting 
Hypotensive 


and the patient was put back on a high sodium 
intake. A loss of approximately 270 mEq. of 
sodium resulted in subjective symptoms and an 
additional 150 mEq. loss resulted in oliguria and 
hypotension. 

Again the urinary sodium concentration re- 
mained quite constant during the control and 
DOCA periods. However, during administration 
of DOCA there was a decrease in chloride and 
an increase in potassium and total solute con- 
centrations. Although these changes were small 
they appear to be significant when compared to 
those before the DOCA period. Whether they 
were due to administration of DOCA or to the 
degree of sodium depletion unfortunately cannot 
be determined. There was a slow rise in phos- 
phorus concentration over the whole period 
which appeared unrelated to the DOCA. 

In Figure 1 are shown the relations of daily 
urine volume to total solute and sodium loads. 


Both relations are linear and significant. How- 
ever, the correlation of flow and sodium load 
(R = 0.99) is significantly greater than that of 
flow and total load (R = 0.91, P < 0.01). 

In both periods of salt depletion there was 
some diminution of the serum sodium concen- 
tration. However, no marked decrease was found 
10 


as reported by others. 


COMMENTS 


The clinical characteristics of salt-losing 
nephritis have been reviewed by others.®* The 
present case adheres closely to the syndrome in 
presenting normal blood pressure, absence of 
changes in the ocular fundi and abnormality of 
skin pigmentation. However, no description 
of an accompanying peripheral neuritis was 
found in the previous reports. The lack of re- 
sponse to DOCA is also in keeping with other 
reports in which not only DOCA?*~*®*~* but 
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Fic. 1. The relations of urine volume and total and sodium loads. 


adrenocortical extract?’ and cortisone’ were 
reported to be ineffective. As there is evidence 
that aldosterone is already being produced in 
increased amount in this syndrome, one would 
not necessarily expect a response to exogenous 
hormone. !! 

On histologic study the renal lesion was com- 
patible with that of chronic pyelonephritis. 
This type of lesion has occurred most frequently 
in the limited number of cases reported.'* In 
addition the renal cysts noted in this patient 
were prevalent in the other patients. In two of 
the reported instances the salt—losing state 
developed as part of the ‘“‘milk and alkali” 
syndrome,*:'® and in another there was a history 
of ulcer therapy with renal calcinosis being found 
at necropsy.‘ It is not clear what role the ulcer 
therapy may have played in the development of 
pyelonephritis in the current case. 

Although isosthenuria was expected in this 
condition, the observation of such narrow limits 
of electrolyte concentration was _ surprising. 
According to current concepts of renal physiol- 
ogy, urine flow and composition are dependent 
in the main on glomerular filtration and selec- 
tive reabsorption. If these concepts are correct 
in this patient there must have been major 
derangements in sodium and chloride reab- 
sorption. However, the site of these derange- 
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ments and the reason for fixation of the concen- 
trations at levels below those of plasma are 
unknown. That the tubular secretion of hydro- 
gen in exchange for sodium ions’* remained in- 
tact is evident from the maintenance of alkali 
reserve. That defective proximal tubular re- 
absorption of sodium with oversaturation of the 
distal tubule might have occurred is suggestive 
from the kaliuretic effect of the DOCA.!*:15 
Whether or not the presumptive site of final 
sodium reabsorption'® was disturbed cannot be 
ascertained. Also according to current concepts, 
in conditions of solute diuresis the flow is related 
to total load. In the present patient a significant 
relation was present but the correlation of flow 
and sodium load was greater. However, this rela- 
tion is somewhat teleologic in that the narrow 
range of sodium concentration would of neces- 
sity produce an almost perfect correlation and 
dependency cannot necessarily be inferred. 
Nevertheless, despite wide variation in sodium 
intake the urinary sodium and its corresponding 
anion accounted for half of the total load and 
may have influenced flow. The situation could 
be considered analogous to that of uncontrolled 
diabetes mellitus in which glucose becomes the 
major factor in determining total load and flow.!” 

Some of these obscurities might be resolved 
in view of the recent observations of Chinard 
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and Enns.'* In contrast to current renal con- 
cepts, these investigators have presented evi- 
dence that part of the urinary water and sodium 
load may bypass the glomerulus and be secreted 
distally in the nephron. If these findings are cor- 
rect, there may have been in this patient a defect 
in this secretory mechanism in which excessive 
sodium was secreted in fixed concentration, and 
this secretion was dependent on sodium intake. 
This mechanism would be considerably simpler 
in the production of a constant load than that of 
filtration and reabsorption alone which would 
entail marked flexibility of tubular reabsorptive 
capacity. 

It is of interest also that relatively little loss of 
sodium led to symptoms of salt depletion. The 
patient resembled the subject with adrenal in- 
sufficiency in this respect and was in contrast to 
experimentally induced salt-depleted normal 
man, in whom considerably more sodium may 
be lost without deleterious effect.'* There is 
evidence that bone may act as a labile reservoir 
of sodium and may contribute sodium to the 
extracellular space in acute sodium deficiency.”° 
In this patient the bone reservoir might con- 
ceivably have been deficient in sodium. 

Finally, the consistency of the urinary load is 
significant in regard to therapy. In such a pa- 
tient ideal treatment should be guided by a 
knowledge of the limits of tubular dilution and 
concentration of substances to be excreted. 
Following establishment of an optimal daily 
urinary output of water and urea, the input of 
electrolytes should be adjusted in the diet so that 
imbalances will not occur. Such an evaluation is 
difficult but has been reported to be worthwhile.”! 


SUMMARY 


Observations on a patient with salt-losing 
nephritis revealed the urinary concentrations of 
sodium, chloride, potassium, phosphorus and 
total solutes to be contained within narrow 
limits. It is suggested that tubular secretory 
mechanisms may have partly accounted for the 
fixed load. The urine flow appeared to be 
closely related to the sodium load. A relatively 
small deficit of sodium was sufficient to produce 
symptoms of sodium depletion. 
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Observations Concerning the Origin of 
Shock Associated with Acute Cor Pulmonale’ 


ARTHUR SELZER, M.D. and HERBERT W. BRADLEY, M.D. 


San Francisco, California 


N spite of recent progress in the field of shock, 
I certain forms of it are not yet well under- 
stood, notably the “cardiogenic” form of shock. 
This appears in association with and could be 
due to acute failure of the heart. In a previous 
coiamunication! the multiplicity of factors in- 
volved in cardiogenic shock was discussed. It 
was suggested that inadequate understanding of 
the mechanism of this type of shock may be due, 
in part, to the difficulty in observing the earliest 
manifestations of shock at the time when the 
primary and initiating factors operate, and 
before the secondary, sustaining factors come 
into play to obscure the sequence of events. 
The present communication deals with an in- 
stance of shock appearing during the perform- 
ance of cardiac catheterization, thus providing 
an unusual opportunity to observe the early 
hemodynamic changes of shock. 


CASE REPORT 

L. H., a thirty-seven-year-old man, entered the 
hospital for evaluation and treatment of arterial 
hypertension. Three months prior to admission, pain 
in the right flank and low grade fever developed. ‘These 
complaints were attributed to urinary tract infection 
secondary to prostatitis and were treated with pro- 
static massage and antibiotics. He showed an immedi- 
ate favorable response to therapy, but within two 
months recurrences of fever and malaise occurred 
which were unaffected by a course of treatment with 
penicillin and streptomycin. He was found to have 
marked elevation of blood pressure and, shortly before 
entry to the hospital, visual disturbances, nocturia and 
weight loss occurred. Examination upon entering the 
hospital showed the systemic arterial pressure to be 
215/150 mm. Hg. Advanced hypertensive retinopathy 
with papilledema was found on funduscopic examina- 
tion. The remainder of the physical examination 
showed no abnormalities. Laboratory procedures 
revealed a normal hemogram and urinalysis. Renal 


function tests and intravenous pyelograms were 
normal. Electrocardiogram revealed evidence of left 
ventricular hypertrophy. Roentgenograms of the chest 
showed slight tortuosity of the aorta and a slight 
prominence in the region of the left ventricle. 

The patient was considered to have essential hyper- 
tension with early hypertensive heart disease and was 
treated with bed rest and hypotensive therapy con- 
sisting of oral hexamethonium salts and |-hydrazino- 
phthalazine. His arterial pressure, which stabilized 
during a control period at about 180/130 mm. Hg, 
was reduced to an average of 160/110 mm. Hg. The 
patient was asymptomatic. 

Three weeks after admission cardiac catheterization 
was performed. With the use of the conventional tech- 
nic, the cardiac catheter was introduced through a 
right antecubital vein and guided under fluoroscopic 
control into the right heart and pulmonary artery. 
Pressure tracings were recorded by a Statham trans- 
ducer and Sanborn Poly Viso recorder. Cardiac out- 
put was determined by the Fick principle with 
blood samples analyzed by the Van Slyke method and 
samples of expired air by the Scholander technic. 
Pressures were recorded as follows (referred to a point 
midway between the sternum and the table): pul- 
monary “‘wedge’’ pressure: 7 mm. Hg; pulmonary 
arterial pressure: 23/12 mm. Hg (mean 16 mm. Hg); 
right ventricular pressure: 24/6 mm. Hg; right atrial 
pressure: 7 mm. Hg. After recording pressures in the 
pulmonary artery and right ventricle the catheter tip 
was withdrawn to the right atrium. It was planned 
to perform serial determinations of resting cardiac 
out-put at fifteen-minute intervals while recording a 
continuous right atrial pressure tracing. The first 
determination of the cardiac output was performed 
one-half hour after the beginning of the procedure. 
The second determination of the cardiac output was 
made after a fifteen-minute interval. The patient was 
feeling well and had no difficulty in breathing into the 
air-collecting valve. However, a sphygmomanometric 
determination of the arterial pressure revealed a 
fall in pressure from 155/120 mm. Hg to 135/110 mm. 
Hg. Within ten minutes after completion of the second 
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Fic. 1. Three twelve-lead electrocardiograms of patient 


L. H., taken shortly after admission to the hospital, one 
day and three days following the onset of the hypotensive 


episode. 


cardiac output study the patient complained of “‘not 
feeling well’ and a dull precordial ache developed. 
Gradually, the patient became restless and nauseated 
and had pallor and cold perspiration. The arterial 
pressure fell to shock levels. Cardiac catheterization 
was immediately terminated, the patient’s feet were 
elevated and an infusion drip of a solution containing 
8 mg. of L-norepinephrine per liter was started. The 
patient showed a prompt response and a normotensive 
blood pressure level was restored by infusing 60 to 
80 drops of the L-norepinephrine solution per minute. 
The infusion of L-norepinephrine had to be continued 
for the following forty-eight hours. During this time 
the patient was comfortable but the dull precordial 
pain continued and was made worse by deep inspira- 
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tion. A series of laboratory studies was performed 
during the hypotensive episode; the electrocardiogram 
taken on the day following cardiac catheterization 
revealed a significant change. (Fig. 1.) A tall, peaked 
P-wave became apparent in leads 2, 3 and AVF. The 
electrical position changed from intermediate to semi- 


TABLE I 
DATA OBTAINED FOR THE CALCULATION OF THE CARDIAC 
OUTPUT DURING CARDIAC CATHETERIZATION 


First Second 


Determination Determination 


Total ventilation 7.6 L./ min 6 L./ min 
Oxygen consumption 276 cc. O» min 265 cc. O2 min 


Respiratory quotient 0.77 
Packed cell volume (venous). 43% 
Arteriovenous oxygen differ- 


ence 5.2 vol per 100 e« 
Cardiac output 5.31 L./min 


vertical; upright T-waves in lead V, became inverted, 
while all the inverted T-waves in left ventricular leads 
became upright. These changes persisted for a short 
time only, for the electrocardiogram taken two days 
later revealed almost complete reversal to the pre- 
catheterization pattern. The roentgenograms of the 
chest taken two days after the onset of hypotension 
(Fig. 2) showed a probably significant alteration. The 
position of the diaphragm was elevated in relation to 
the precatheterization film, particularly on the right 
side. A small amount of pleural fluid appeared in the 
right costophrenic angle. The size of the heart ap- 
peared larger than on the previous film, and some 
increase in hilar markings and pulmonary vascularity 
was noted, particularly on the right side. A linear 
density, interpreted as “‘disk atelectasis,” was noted on 
the left side. These changes were thought to be con- 
sistent with, if not characteristic of 
embolism. Other laboratory studies during the hypo- 
tensive period included blood and urine examinations, 
sedimentation rate and urinary urobilinogen deter- 
minations which were all normal. 


pulmonary 


A summary of the observations and hemodynami 
determinations during cardiac 
presented in Table 1 and Fig. 3. It was noted that 
the right atrial pressure rose gradually from 7 to 
14 mm. Hg during the half-hour period of observation. 
At the same time the continuous electrocardiographic 
tracing of lead 2 showed a gradual increase in the 
height of the P-wave which changed its amplitude 
from 1 to 2 mm. The heart rate also increased slightly 
but significantly during this time period. The second 
determination of the cardiac output was significantly 
lower than the first one, coincidentally with the fall in 
arterial pressure. At the moment of the appearance 
of shock an abrupt change took place: the arterial pres- 
sure fell precipitously, the right atrial pressure fell 
and bradycardia developed. 


catheterization 1s 
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2. Chest roentgenogram of patient L. H. before (left) and after (right) the hypotensive episode. 


Following recovery from the hypotensive episode the 
patient made an uneventful recovery and showed a 
satisfactory response to therapy. When the arterial 
pressure became stabilized at about 160/120 mm. Hg 
one week after the episode, hypotensive drug therapy 
was restarted, reducing the arterial tension to an aver- 
age of 140/105. The patient continued this regimen 
following discharge from the hospital but was able to 
reduce the dosage gradually. Some months afterwards 
almost normotensive levels were recorded without any 
A follow-up examination per- 
formed one year after the episode revealed striking 


hypotensive agents. 


regression of retinopathy and of the electrocardio- 
graphic evidence of left ventricular hypertrophy. 
Comments: Three possibilities were considered as 
causes of the hypotensive episode in this patient: (1) 
simple vasomotor collapse due to pain, manipulation of 
the catheter and apprehension in an unusually sensitive 
individual; (2) shock associated with a coronary “‘acci- 
dent”; 
embolism. Vasomotor collapse seemed unlikely on the 
basis of the severity and prolonged duration of hypo- 
tension. The view that shock was due to an accident 
within the coronary circulation would necessitate the 


and (3) shock associated with pulmonary 


assumption of a major myocardial infarction to explain 
the severity of shock. No supportive evidence for such 
an event has been demonstrated in the subsequent 
course and the serial electrocardiographic studies. On 
the other hand, convincing evidence is found for the 
occurrence of pulmonary embolism with acute cor pul- 
monale. Electrocardiographic findings, namely the 
appearance of the tall P-waves, the rotation into a 
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more vertical position, and the inversion of right-sided 
T-waves with those in left-sided leads becoming 
temporarily upright, strongly suggest acute right 
ventricular “strain,” such as occurs in pulmonary 
embolism. Strong support for this diagnosis is found in 
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Fic. 3. Summary of hemodynamic findings observed 
during the early stages of the development of shock. 


the roentgenographic findings and the pain in the 
chest. 

The relationship between the cardiac catheteriza- 
tion study and the occurrence of pulmonary embolism 
is uncertain. Small pulmonary infarcts have been re- 
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ported as occasionally following cardiac catheteriza- 
tion, especially when “‘wedge”’ pressure readings were 
recorded. However, we were unable to find reference 
to a major pulmonary embolism during the procedure. 
Our patient had had no cardiac failure, no major 
cardiac enlargement and no arrhythmias. It was 
thought, therefore, that pulmonary embolism may 
have occurred fortuitously at the time of cardiac 
catheterization, having its origin in the leg veins and 
its background in the patient’s inactivity and rest. 
However, a direct or indirect relationship between the 
procedure and the embolization cannot be ruled out. 


COMMENTS 


The term “‘acute cor pulmonale” is accepted 
to mean acute stress and failure of the right ven- 
tricle in response to a sudden increase in pul- 
monary vascular resistance. The resistance could 
be increased either by a mechanical obstruction 
within the pulmonary arterial tree or by con- 
striction of pulmonary arterioles. Which of the 
two factors predominates in human non-fatal 
pulmonary embolism is not definitely established 
but present-day evidence favors a predominent 
arteriolar constriction over gross obstruction 
by massive embolus. Animal observations and 
pressure measurements in human pneumonec- 
tomies indicate that more than half of the pul- 
monary arterial lumen has to be obstructed or 
constricted in order to raise significantly the pul- 
monary arterial pressure. There appears to be 
only a narrow zone between a degree of reduc- 
tion of the pulmonary arterial tree which has no 
important effect on the circulation and that 
which produces irreversible and fatal cardiac 
failure. Within this narrow zone an acute right 
ventricular strain and failure can be reproduced. 
If human acute cor pulmonale were caused by 
purely mechanical obstruction of the pulmonary 
arterial tree by massive embolism, then the oc- 
clusion of the lumen would have to fall within 
this critical zone, which is not likely to occur 
except in rare instances. It is therefore generally 
believed that acute cor pulmonale is usually 
caused by smaller emboli of themselves incapable 
of obstructing the pulmonary arterial tree 
significantly but reinforced by intense pul- 
monary arteriolar constriction leading in turn 
to acute right ventricular strain and failure. This 
mechanism is supported by experimental evi- 
dence** for it has been demonstrated that a 
shower of small emboli limited to a single lobe 
of the lung is capable of producing severe pul- 
monary hypertension and right heart failure. 


The hemodynamic effects of acute cor pul- 
monale*~* are known to include an elevation of 
pulmonary arterial pressure, an increase in right 
atrial pressure and peripheral venous pressure 
and a fall in systemic arterial pressure. Oc- 
casionally, the systemic pressure falls to shock 
levels. The pathogenesis of shock associated with 
acute cor pulmonale is of considerable theoretic 
and practical importance. 

In shock, the cardiac output falls abruptly, 
beyond the capability of the arterial system to 
compensate for the small flow by vasoconstric- 
tion and to maintain a tolerable systemic arterial 
pressure. Such a fall in cardiac output can be due 
to a number of factors, peripheral or central 
(cardiogenic). It has been postulated' that the 
concept of cardiogenic shock is justified only in 
reference to a situation wherein an overstretched 
and failing cardiac ventricle is entirely or pre- 
dominantly responsible for the falling cardiac 
output. This is exemplified in two clinical situa- 
tions: acute myocardial infarction and acute cor 
pulmonale. In the first instance a_ severely 
damaged left ventricle may be incapable of 
maintaining an adequate systemic output. 
In the second case the right ventricle may be 
overburdened by the sudden increase in resist- 
ance, with a similar result. Both of these situa- 
tions can be reproduced experimentally and 
brief periods of shock may be observed.’:* This 
form of cardiogenic shock in its strict sense is 
unquestionably operative in terminal hypoten- 
sion frequently observed in patients dying of 
cardiac failure. It has furthermore been sus- 
pected as the underlying cause of the late, 
almost invariably fatal shock in the course of 
massive myocardial infarction. However, the 
pathogenesis of the commoner form of hypo- 
tension and shock appearing early in myocardial 
infarction and in acute cor pulmonale is a matter 
of controversy. This is exemplified by the con- 
flicting recommendations for the management 
of such shock, whether the peripheral factors 
should be attacked therapeutically by the use of 
pressor amines®:!° or the central organ stimulated 
by cardiotonic drugs.!! 

In this case an unusual opportunity presented 
itself in that circulatory studies were possible 
just prior to and at the point of development of 
shock apparently associated with acute cor 
pulmonale. 

The hemodynamic events were observed to 
occur in two stages. In the first preshock stage 
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the patient was asymptomatic although a 25 per 
cent fall in cardiac output and a considerable 
fall in systemic pressure occurred. During this 
stage tachycardia developed, the right atrial 
pressure rose and an accentuation of the P-wave 
in the electrocardiogram took place, all pointing 
to an increase in pulmonary circulatory resist- 
ance and early right heart failure. During this 
stage the cardiac output fell more than the 
indicating effective 
construction and increase in systemic arteriolar 


systemic pressure, vaso- 
resistance. The stage of clinical shock began 
abruptly. Coincidentally with clinical mani- 
festations of shock a sudden fall in cardiac rate 
and in right atrial pressure took place. These 
events can best be interpreted by assuming that 
after the initial stage of right heart strain a 
peripheral factor became operative, presumably 
initiated by a reflex (vagal ?), which led to vaso- 
dilatation, bradycardia, reduced venous return 
and resu’ted in clinical shock associated with a 
fall in right atrial pressure. The abrupt onset 
and the nature of the observed dynamic changes 
associated with the ‘‘shock”’ stage present strong 
evidence in favor of the neurogenic, peripheral 
nature of shock, and is against it being a mani- 
festation of further right ventricular failure with 
‘“‘over-stretching” of the right ventricle. Such an 
interpretation finds further support in the 
response to the administration of L-norepineph- 
rine and the favorable course. 

Whether or not the mechanism described 
operates in other cases of shock associated with 
acute cor pulmonale and in cases of shock asso- 
ciated with acute myocardial infarction cannot 
be ascertained at the present time. The observa- 
tions presented herewith do demonstrate, how- 
ever, that in an acutely strained heart a vaso- 
dilating, shock-producing reflex may be initiated 
which appears to be related to the circulatory 
changes and not to the associated pain. This is an 
additional argument in favor of considering 
shock, associated with these two conditions, for 
the most part, a secondary complication rather 
than a direct manifestation of cardiac failure. 
Moreover, the rationale of directing thera- 
peutic efforts towards the peripheral factors 
rather than stimulating the failing heart finds 
further justification. 
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SUMMARY 


During routine cardiac catheterization of a 
patient, shock developed, which later was 
demonstrated to be due to pulmonary embolism 
and acute cor pulmonale. Hemodynamic studies 
were made during the preshock period and dur- 
ing the development of shock. In the earlier 
stage increase in pulmonary vascular resistance 
was indirectly demonstrated by the rise in right 
atrial pressure and the increase in the height of 
the P-wave in the electrocardiogram. During 
this time a moderate fall in cardiac output and a 
mild fall in systemic arterial pressure were ob- 
served. Onset of clinical shock was signalled by a 
precipitous fall in systemic arterial pressure, by 
abrupt fall in right atrial pressure and by 
bradycardia. This is interpreted as evidence of 
the neurogenic nature of this shock, to be con- 
sidered a secondary complication of acute 
cardiac failure rather than a direct effect of it. 
The theoretic and practical implications of these 
observations are discussed. 
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Lesions Resembling Vitamin B Complex 
Deficiency and Urinary Loss of Zinc 
Produced by Ethylenediamine Tetra-acetate 


H. MircHect Perry, Jr., M.p. and HENRY A. SCHROEDER, M.D. 


St. Louis, Missouri 


ECAUSE of its chelating powers ethylene- 
diamine tetra-acetate (EDTA) is an anti- 
dote for metal poisoning.':* It has also been 
found to alter both in vitro and in vivo rates at 
which rat liver incorporates C'‘-tagged acetate 
into cholesterol and fatty acid molecules.* To 
evaluate its cholesterolytic effect in man, daily 
injections of 1 to 12 gm. of the calcium disodium 
salt were given intravenously to twenty-two 
patients, following which circulating cholesterol 
fell precipitously.* Mucocutaneous lesions, simu- 
lating a deficiency of vitamin B, appeared in two 
subjects when large total doses had been ad- 
ministered during a period of less than ten 
days.* The case report of one patient follows. 
Because of the metal binding properties of 
EDTA, the renal excretion of several metals was 
measured during chelate therapy. The concen- 
tration of urinary zinc was found to be markedly 
increased. To a lesser extent iron and manganese 
were similarly altered; whereas copper, titanium, 
vanadium, molybdenum, silver, cadmium, lead 
and tin were not. 


CASE REPORT 


A forty-four year old white man was first admitted 
to Barnes Hospital on October 27, 1954. Five months 
previously, when edema of the ankles and mild 
exertional dyspnea had begun, albuminuria and 
hypoalbuminemia were found. Since early childhood 
spinal arthritis of the Marie-Striimpell type had been 
present. When the patient was twenty-five years old, 
migratory polyarthritis appeared briefly; at that time 
the first of continuing intermittent episodes of chemo- 
sis, photophobia and conjunctivitis occurred. A 
roentgenologic diagnosis of peptic ulceration was 
made in 1951; however, his minimal symptoms 
vanished after institution of a bland diet. 


On entering the hospital the patient weighed 70 
Kg. and his vital signs were normal. Marie-Striimpell 
deformity, operative ankylosis of one hip joint, and 
generalized anasarca with pitting edema extending 
to the lumbar region were the significant abnormal 
signs. The hemogram was normal except for 21,700 
leukocytes per cu. mm. of blood. The urine had a 
maximum specific gravity of 1.029, coarsely granular 
casts, and 3 to 10 gm. of protein per L. Roentgeno- 
grams of the chest revealed bilateral pleural effusion. 
No electrocardiographic abnormalities were noted. 
There were 19 mg. of non-protein nitrogen, 672 mg. 
of cholesterol, 2.2 gm. of albumin and 2.1 gm. of 
globulin per 100 ml. of plasma. Circulating electro- 
lytes were normal. A coagulase-negative Staphylo- 
coccus albus was grown from the urine. Within fifteen 
minutes there was 30 per cent excretion of intra- 
venously injected phenol red. The patient was given 
a brief course of oral hydralazine and his edema was 
diminished by diuretics and salt restriction. After a 
month in the hospital he was discharged, still exhibit- 
ing the nephrotic syndrome, with a regimen of 80 mg. 
of adrenocorticotropic hormone per day plus a salt- 
free diet. 

Because of coffee-ground vomitus and melena fo 
several days he was readmitted on January 10, 1955. 
Physical signs were unchanged; however, he weighed 
78 Kg. There were 16.8 gm. of hemoglobin per 100 ml. 
blood, but there was no leukocytosis. The only urinary 
changes were a decrease in the maximum specific 
gravity to 1.020 and the appearance of microscopic 
hematuria. Roentgenologic examination of the 
gastrointestinal tract revealed a duodenal deformity, 
but a guaiac test revealed no fecal blood. No electro- 
lytic abnormalities were found. The non-protein 
nitrogen was 22 mg., the cholesterol 520 mg., the 
albumin 1.2 gm. and the globulin 1.9 gm. per 100 ml. 
of plasma. Amyloidosis was demonstrated by a renal 
punch biopsy. Three courses of EDTA proved choles- 
terolytic but were followed by mucocutaneous lesions 
or fever. After three months in the hospital, the patient 


* From the Hypertension Division, Department of Internal Medicine, Washington University School of Medicine, 
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was discharged unimproved on a salt-free diet and 
diuretics. 

The final admission was on June 17, 1955, because 
of extreme dyspnea and edema. The physical exam- 
ination was unchanged except for tachycardia of 108 
beats per minute, tachypnea of 32 breaths per minute 
and hepatomegaly. The patient weighed 69 Kg. The 
routine laboratory data were essentially unaltered ex- 
cept for an anemia of 12.7 gm. of hemoglobin per 100 
ml. blood, a further decrease in the maximum urinary 
specific gravity to 1.014 and a trace of glycosuria. The 
electrocardiogram revealed left ventricular strain and 
sinus tachycardia. There were 84 mg. of non-protein 
nitrogen and 249 gm. of cholesterol per 100 ml. of 
plasma. The venous pressure measured 230 mm. of 
saline solution and the arm-to-tongue circulation time 
with decholin® was twenty-seven seconds. Digitaliza- 
tion and frequent thoracenteses were of no avail; the 
patient became increasingly azotemic and dyspneic, 
and died on July 6, 1955. No autopsy was permitted. 

The therapy with metal binding agents 
deserves more detailed discussion. The cho- 
lesterolytic effect of one course of hydralazine 
during the first admission to Barnes Hospital 
and of three courses of EDTA during the second 
hospitalization has been reported.* After a week 
of regular hospital food restricted as to sodium 
chloride, a pair of control determinations re- 
vealed 590 and 568 mg. of cholesterol per 100 ml. 
of plasma. Without any dietary change, 2.7 gm. 
of oral hydralazine was given over a period of 
thirteen days. On the fourth and ninth days of 
therapy the cholesterol concentration had 
decreased to 491 and 512 mgs. per 100 ml. of 
plasma, respectively. Neither untoward symp- 
toms nor clinical improvement occurred. Three 
days after the drug was discontinued the cho- 
lesterol level was 550 mg. per 100 ml. of plasma. 

There were 520 and 518 mg. of cholesterol 
per 100 ml. of plasma before the first course of 
EDTA which consisted of 2 gm. of the calcium 
disodium salt daily for eight days. The chelator 
was dissolved in 500 ml. of 5 per cent glucose in 
water and given over a period of at least three 
hours. The regular salt-free hospital diet was 
continued unchanged. A minimum of 412 mg. 
of cholesterol per 100 ml. of plasma was found 
on the last day of therapy; six days later the 
level was 656 mg. On this day a second course 
of EDTA was begun consisting of 3 gm. of the 
calcium disodium salt administered intra- 
venously for each of seven consecutive days. No 
cholesterol determinations were made until four 
days after the chelator had again been dis- 
continued when the concentration was reported 
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to be 303 mg. per 100 ml. of plasma. The third 
course of EDTA was begun three weeks later; 
its size and relation to circulating cholesterol are 
shown in Figure 1. 

Symptoms associated with EDTA administra- 
tion were initially noted on the fifth day of the 
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Fic. 1. Relationship between the intravenous administra- 
tion of CaNa2EDTA, the plasma cholesterol level and the 
concentration of zinc in the urine. The values for No- 
vember 3 were obtained during the first hospitalization 
before hydralazine therapy. 


first course which consisted of 2 gm. per day; the 
patient began to complain of a sore throat and 
cheilosis. On the sixth day his mouth and 
tongue were sore, and the latter was magenta in 
color. On the seventh day scaly, erythematous, 
papular lesions appeared over the face, trunk 
and extremities with some ulceration of con- 
tiguous mucous membranes, particularly of the 
nose, lips, eyes and rectum; desquamation of the 
scrotum was followed by a weeping serous 
exudation. The lesions became florid and more 
marked as therapy was continued for another 
day. Injections of EDTA were then discontinued 
and 10 mg. of riboflavin plus 250 mg. of nicotin- 
amide were daily administered by mouth in 
addition to the 100 mg. of oral pyridoxal hydro- 
chloride and the supplemental vitamin capsule 
(theragran, Squibb) that the patient had been 
taking for two months. The lesions rapidly 
subsided and healed completely in six days at 
which time the second series of chelate injections 
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RENAL EXCRETION 


OF THIRTEEN METALS 


November 3, 1954. 
February 25, 1955. 
February 26, 1955 
February 27, 1955 
February 28, 1955. 
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March 2, 
March 3, 
March 4, 


Mean 
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Before, During and After Intravenous EDTA in a Nephrotic Patient 
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Renal Excretion of Thirteen Metals in Eleven Patients 
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12 13.5 1.4 4 2.3 


Note: Spectrographic analysis gave reproducible relative daily excretions, although the absolute accuracy may be lessened by the 


protein. 
Determinations are in parts (by weight) per billion parts of urine 


consisting of 3 gm. per day was begun. On the 
fifth day soreness of the mouth recurred, ulcera- 
tion of the buccal mucosa reappeared, and the 
tongue again became magenta. Two more days 
of EDTA administration plus high vitamin and 
trace metal intake (gevral,® Lederle) with added 
manganeous, ferrous, cobaltous, cupric and 
molybdate ions failed to halt the redevelopment 
of papular lesions. Four days after discontinua- 
tion of the chelator all symptoms had disap- 
peared. Three weeks later, 3 gm. of EDTA were 
given for two consecutive days followed by 4 gm. 
on the next day. Nausea and vomiting with 
diarrhea and elevation of body temperature to 
38.5°c. occurred four hours after the larger 
dose was begun. No more chelator was given 
and, despite the absence of localizing signs, 
leukocytosis or other laboratory evidence of 
infection, antibiotic therapy was initiated. Re- 
covery was complete within a day and a half. 
There were no lesions of the skin or mucous 
membranes with this episode and none appeared 
during the subsequent four months of life. A 
febrile reaction has occurred in most patients 
who have received intravenously more than 3 
gm. of calcium disodium EDTA in three hours.‘ 


Because of the chelating properties of EDTA 
the renal excretion of eleven metals was followed 
spectrographically before, during and after ad- 
ministration of this agent. With precautions to 
prevent contamination, daily twenty-four-hour 
urine samples were collected beginning four days 
before the third course of EDTA and continuing 
until two days thereafter. A single similar 
collection was made during the first hospital 
admission before hydralazine was given. After 
all organic matter was digested, transition 
and nearby elements were concentrated with 
8-hydroxyquinoline from 200 ml. aliquots of 
urine. Subsequently each sample was analyzed 
spectrographically in duplicate for manganese, 
molybdenum, lead, tin, nickel, titanium, vana- 
dium, chromium, cadmium, silver and zinc. 

Before therapy this patient’s urinary excretion 
of the eleven elements spectrographically assayed 
approximated those found by us in normal in- 
dividuals.*> There were between 250 and 300 
parts of zinc by weight per billion parts of 
urine. According to McCance and Widdowson 
0.3 mg. of zinc appeared daily in the urine® 
while Rost found 0.6 to 1.9 mg.’ The urinary 
concentrations of the other ten metals were in 
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CaNae U Urine 
EDTA Vel. Pro- 
Date Intra- etal tein Ti \ Cr Mn Ni Zn Mo Ag Cd Pb Sr Fe Cu 
venous re (gm | 
(gm.) | I 
0 1.55 2.0 3.1 0.17 13 3.2 
0 2.66 2.6 0.37 |<1.0 0.14 |<5.0 0.75 1 
0 2.15 2.4 0.16 |<1.0 |<0.05 |<5.9 1.8 1 
0 1.80 a 0.88 |<1.0 <0.05 |<5.0 2.2 
0 2.36 1.6 0.95 |<1.0 |<0.05 |<5.0 
Mean 0 2.24 2.2 0.59 |<1.0 |<0.07 |<5.0 1.7 { 
1955 3 1.81 2.4 ‘29 <1.0 0.11 21 2.4 1s 
1955 7 3 2.01 2.8 2.0 <1.0 0.35 12 4.0 i 
1955 Sates 4 1.46 3.2 0.50 |<1.0 73 15 16 18 
1955 0 1.97 2.4 0.73 |<1.0 0.12 8.5 2.4 ee s 
24.5 1.81 <1.0 2.0 14 6.4 2 
Mean... . 0 ‘ d +8 
Range -0 
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the range of one to ten parts per billion.® Al- 
though the absolute concentrations given in 
Table 1 may be subject to error, the ratios of the 
daily levels of an element were reproducible to 
within 10 per cent. The most striking result of 
the EDTA injections was the more than sixfold 
increase in the excretion of zinc. A similar change 
in manganese levels seems to have occurred; 
however, the single random value during the 
first hospitalization approximates that following 
EDTA injections. The day to day variation in 
the urinary concentration of other elements is 
sufhcient to obscure trends during chelate ad- 
ministration. | 

Urinary iron and copper were measured on 
the same specimens by chemical methods. There 
is obviously a significant increase in iron excre- 
tion during chelate therapy without any cor- 
responding change for copper. 

Similar but milder mucocutaneous lesions 
following the administration of EDTA occurred 
in a patient, whose case was not as well studied. 
This sixty-six year old white woman weighing 
50 Kg., whose severe hypertension had been 
treated for three years with oral hexamethonium 
chloride, was admitted to Barnes Hospital be- 
cause of increasingly severe angina pectoris. 
Cardiomegaly, a supine blood pressure of 
200/90 mm. Hg and signs of calcific aortic steno- 
sis were the only positive physical findings. 
Two multivitamin capsules (theragran), and 
50 mg. pyridoxal hydrochloride orally per day 
were prescribed. The patient was given a test 
dose of EDTA consisting of 1 gm. of the calcium 
disodium salt intravenously and then 3 gm. 
for eight consecutive days. Cheilosis, chemosis, 
sore throat, magenta tongue and a papular rash 
about the shoulders appeared after 25 gm. of 
EDTA had been given. Her cholesterol level fell 
to 168 mg. from control values averaging 
205 mg. per 100 ml. plasma. Her lesions rapidly 
vanished when EDTA was discontinued. 

A normal thirty-one year old white woman 
who received 8 gm. of intravenous EDTA 
over an interval of four days without any evident 
ill effects also had a marked increase in the-renal 
loss of zinc and manganese. The average pre- 
treatment urinary concentration of these metals 
was 140 parts per billion of zinc and less than 
five of manganese. The average values during 
EDTA administration were 2,500 and 20 respec- 
tively. There was no effect on nickel or chro- 
mium levels which were suggestively elevated 
on the last day of chelate therapy in the urine 
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of the first patient; however, cadmium and 
lead excretion was increased approximately 
tenfold. 

The fact that chelate administration increased 
the urinary excretion of zinc and to a lesser 
extent manganese and iron without signifi- 
cantly altering the renal loss of other trace metals 
assayed is surprising. The pretreatment con- 
centrations of the trace metals which were 
measured spectrographically were apparently 
normal in this patient.® As has been previously 
reported in nephrosis, the urinary copper and 
iron were greatly elevated as compared with 
normal values of less than ten and less than fifty 
parts per billion respectively.* Moreover, the 
much greater effect of EDTA on iron than cop- 
per concentration in such a patient was also 
found by Cartwright, Gubler and Wintrobe.*® 
The concentration of urinary protein was very 
constant and no particular relationship between 
albumin and metal was evident. Since zinc de- 
ficiency has been reported to produce parakerato- 
sis in pigs® and in rats, with mucocutaneous 
lesions suggesting ariboflavinosis in the latter,’” 
it seems possible that the changes following 
chelate therapy were related to the demon- 
strated zinc loss. Although the lesions resembled 
severe avitaminosis B, particularly riboflavin or 
possibly pyridoxine deficiency, both patients 
were taking supposedly adequate oral doses of 
vitamins during EDTA therapy; moreover, 
signs and symptoms disappeared rapidly with 
discontinuation of chelate injections. In the 
nephrotic patient the syndrome reappeared 
after a comparable second dose. As far as is 
known, the sole pharmacologic action of EDTA 
in the human body involves chelation of trace 
metals. The material is stable and is apparently 
rapidly excreted unchanged in the urine.” It 
disperses through body fluids, both intra- 
cellular and extracellular.!! No interference with 
intestinal absorption of vitamins has been 
demonstrated. 


SUMMARY 


Intravenous EDTA had a cholesterolytic 
effect in a _hypercholesterolemic nephrotic 
patient. Peculiar mucocutaneous lesions resem- 
bling acute avitaminosis B occurred in this pa- 
tient and in another following EDTA injections. 
There was a sixfold increase in the renal loss of 
zinc during EDTA administration as well as 
smaller increases in urinary iron and man- 
ganese. There was no comparable effect on cop- 
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per excretion or on that of nine other trace 
metals. 
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Metal Fume Fever 


A. IrvinG SwILLer, M.D. and HELEN EMMER SWILLER, M.D. 
Brooklyn, New York 


HE purpose of this report is to bring to the 
of physicians a condition which 
can be readily overlooked and characterized as a 
“virus infection,” “influenza” or “‘grippe,”’ but 
in reality is a distinct, self-limited but disabling 
disease. It is a syndrome which is ignored in the 
standard textbooks of medicine but which can be 
found in texts on toxicology and industrial 
better known to 


hygiene. It is apparently 


plumbers than to physicians and is called 
‘‘calvo’’ by them. However, the disease occurs 
also among workers in brass foundries, hence is 
oiten called brass-founders’ ague and brasiers’ 
disease. Although it is most commonly caused 
by zinc fumes, it apparently can be caused by 
other metals and is therefore called metal fume 
fever. 

Metal fume fever is an industrial disease pro- 
duced by the inhalation of zinc oxide fumes 
when zinc is heated in an oxidizing atmosphere 
to a temperature near the boiling point, as in 
smelting, galvanizing, brass-founding, brazing 
and oxyacetylene welding of galvanized iron. 
The symptoms are systemic, disabling and 
resemble those of influenza. It is characterized 
by chills, fever, muscular pains, nausea and 
vomiting, followed by some degree of prostra- 
tion. Complete recovery occurs in twenty-four 
to forty-eight hours. Workers exposed to the 
disease acquire immunity to attacks but, given a 
period of removal from the environment as 
occurs following week ends or holidays, suscepti- 
bility returns. ! 


CASE REPORT 


A thirty-two year old white man, a plumber, was 
seen four hours after exposure to fumes excited by the 
oxyacetylene burning of galvanized pipe. He com- 
plained of malaise, generalized aches and pains in the 
muscles, shaking chills and fever. He also had a 
burning sensation in the nose and throat and a harsh 
dry non-productive cough. Examination revealed an 
acutely ill man, febrile (102°r.), his face flushed; he 
was extremely weak, almost to prostration. Respira- 


tions were 22 per minute. Pulse rate at 110 per minute. 
The nasal mucosa and pharynx were reddened and 
moist rales were noted at both lung bases. Although 
breathing sounds were alveolar, pneumonia was 
suspected because of the symptoms and the presence of 
rales. At this time peripheral blood studies revealed 
the hemoglobin to be 16 gm. per 100 cc.; erythrocytes, 
5,950,000 per cu. mm.; platelets, 200,000 per cu. mm.; 
leukocytes, 14,750 per cu. mm., with staff forms 4 per 
cent, polymorphonuclear leukocytes 78 per cent, 
lymphocytes 17 per cent and monocytes 1 per cent. 

He was given 1,000,000 units of procaine penicillin 
intramuscularly. The same evening the symptoms 
disappeared and when he was seen the following day 
he was entirely symptom free and devoid of signs 
referable to infection in the upper respiratory tract or 
lungs. Nevertheless, the penicillin injection was 
repeated and the patient was instructed to come to the 
office the following day, at which time a chest x-ray 
was taken and proved to be entirely negative. At this 
time the erythrocyte sedimentation rate was 2 mm. per 
hour (Westergren). Repeat blood studies revealed the 
hemoglobin to be 15 gm. per 100 cc.; erythrocytes, 
5,150,000 per cu. mm.; platelets, 250,000 per cu. mm.; 
leukocytes, 6,600 per cu. mm., with staff forms 0 per 
cent, polymorphonuclear leukocytes 76 per cent, 
eosinophilic leukocytes 2 per cent, lymphocytes 20 
per cent and monocytes 2 per cent. 


COMMENTS 


The syndrome had occurred many times in 
this patient, at least ten, and on each occasion 
the symptoms were similar, although not so 
severe. He had never acquired immunity, since 
exposure to the zinc fumes was not a daily 
occurrence. On each occasion he was aware of 
exposure, and the symptoms were anticipated, 
unless he was fortunate enough to burn the 
galvanized pipe in an unconfined area. Gonzales 
et al.* refer to this as chronic zinc poisoning and 
they believe it is due to the burning of impure 
zinc or spelter. Sir Sidney Smith? refers to the 
disease as zinc chill and says it is due to volatil- 
ized zinc. Dart** believes it is due to a foreign 
protein reaction similar to cotton fever in cotton 


* From the Jewish Hospital of Brooklyn, Brooklyn, New York. 
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mill workers. Lehmann*® agrees and suggests that 
finely divided zinc fumes come in contact with 
the epithelial layer in the alveoli in the respira- 
tory tract and damage the tissue protein, and 
subsequent absorption of the denatured protein 
is the cause of physiologic response, resem- 
bling a foreign protein reaction similar to 
that found in persons having had vaccine 
therapy. Schmidt-Kehl® supports this theory. 
He observed elevation of temperature could be 
produced experimentally in animals by injecting 
blood serum that had been denatured by spray- 
ing it into a chamber containing fumes of zinc. 
Burstein’ disagrees with this theory; he believes 
that the effect is due to the zinc per se after 
absorption into the circulation. It is Burstein’s 
contention that the syndrome can be induced by 
subcutaneous or intravenous injection of zinc 
salt. Lehmann?® injected finely powdered zinc 
into animals and was unable to produce the 
symptoms. 

Although other metals may cause the symp- 
toms,” zinc is the most common cause. This is 
probably because zinc has such a low boiling 
point (300°F.), because it has such widespread 
use and because zinc fumes tend to be dispersed 


so finely that they can penetrate the alveoli of 


the lungs. Larger particles of zinc oxide when 
inhaled do not reach the lungs but are caught 
and settle on the tracheal mucosa; these particles 
do not cause the characteristic symptoms. Sturgis 
et al.,* report that the typical illness has been 
produced repeatedly in volunteer subjects who 
inhaled fumes of zinc or freshly burning mag- 
nesium or a suspension of finely divided heated 
zinc oxide, the particles of which were 0.4 
microns in size. They also observed leukocytosis 
of 12,000 to 16,000 per cu. mm., which persisted 
for twelve hours after the temperature returned 
to normal. 

It is important to note that this is a self limited 
disease with no complications and is not to be 
confused with the more dangerous form of the 
disease engendered by exposure to other zinc 
salts, namely, the fumes of zinc chloride.* Evans 
reports ten deaths and twenty-five cases of non- 
fatal injury which occurred among seventy per- 


sons exposed to zinc chloride fumes in a tunne! 
from the burning of a smoke generator. The 
main effects were damage to the mucous mem- 
branes of the nasopharynx and respiratory tract 
and a pale grey cyanosis. 


SUMMARY AND CONCLUSIONS 


A case is presented of metal fume fever due to 
zinc fumes generated by the burning of gal- 
vanized pipe by a plumber. The resemblance of 
this metal fume fever to severe upper respiratory 
infection is indicated and its short, self-limited 
nature is described. The temporary leukocytosis 
previously observed is verified and the paucity 
of other objective findings noted. 

The case is reported and the extremely sparse 
literature on subject 
knowledge of the disease is not as widespread as 
might be supposed. 
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NILEVAR FOR PROTEIN TISSUE BUILDING 


Protein Deficiency, a Hazard in 
Surgical Patients, Reversed with Nilevar® 


With surgery made safe for the patient, 


the patient may now be made safe for surgery. 


NITROGEN LOSSES IN SURGICAL PATIENTS (after Rhoads*) 


Hernia repair 42.2 


Cholecystectomy 114.0 


Gastric resection 54.0 


Colon resection 37.0 


Acute appendicitis 49.0 


Qo 10 20 30 40 


*COMPLETE DATA IN ORIGINAL ARTICLE (Rhoads, J. E.: Internat. Abst. Surg. 94:417 (May) 1952.) 


Patients about to undergo extensive surgery! 
frequently have negative nitrogen balance and 
protein deficiency. And after any severe trauma, 
including extensive surgery, the rate of protein 
breakdown is increased. 

It is also well recognized that patients with a 
strongly negative nitrogen balance are much 
more prone to suffer delayed wound healing’, 
secondary infections*, shock? and delayed con- 
valescence?. 

The need for an effective protein anabolic 
agent is stated by Moore and Ball’—“there is one 
unbreakable rule of surgical convalescence: to 
complete his recovery, regain strength and re- 
turn to work the patient must come into positive 
nitrogen balance.” 

Nilevar (brand of norethandrolone) is a new 
anabolic steroid which rapidly and effectively re- 
verses or diminishes excessive protein catabolism 
and nitrogen loss accompanying major surgical 
procedures. The protein anabolic activity of 


Nilevar is specific. There are usually minimal or 
no androgenic side effects. 

In addition to its use both preoperatively and 
postoperatively, Nilevar is indicated in all con- 
ditions in which excessive protein catabolism 
(nitrogen loss) hinders or delays convalescence: 

Recovery from pneumonia, poliomyelitis, se- 
vere burns and fractures, and in the care of pre- 
mature infants, decubitus ulcers and wasting 
diseases such as cancer and tuberculosis. 

The daily adult dose is three to five Nilevar 
tablets (30 to 50 mg.). For children the daily 
dosage is 1 to 1.5 mg. per kilogram of body 
weight for the first ten days of treatment, after 
which the daily dosage should be reduced in all 
prepuberal patients to 0.5 mg. per kilogram of 
body weight. Individual dosages depend on the 
need for and the response to therapy. G. D. 
Searle & Co., Chicago 80, Illinois. Research in 
the Service of Medicine. References supplied on 
request. 
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‘LANOXIN’ 


brand 


DIGOAIN 


provides the 


ereater margin of safety 


of a brief latent period 


and optimum rate of elimination 


for dependable 


digitalization and maintenance 


Tablets: 0.25 mg. (white) and 0.5 mg. (green) 
Pediatric Elixir: 0.05 mg. in each ce. 
Ampuls: 0.5 mg. in 2 ce. 


**Lanoxin’ was formerly known as Digoxin *B. W. & Co.’ The new name has been 
adopted to make easier for everyone the distinction between digoxin and digitoxin. 


BURROUGHS WELLCOME &CO.(U.S.A.) INC., Zuckahoe, New York 
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,.Well, I always prescribe Rorer’s Maaloz. It’s an 


excellent antacid, and patients will take it indefinitely.’’ 


MAALOX® suspension, bottles of 12 fluidounces (sample on request); tablets, bottles of 100. 


WILLIAM H. Rorer, Inc. 4865 Stenton Ave., Philadelphia 44, Pennsylvania 
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my first choice 
for what’s new 


in 


ynerican 
urgery 


You, too, will find this authoritative, independent journal a leader for 
first reportings of what’s new in general and specialized operative 
techniques. This practical journal presents regularly a treasury of skill- 
fully executed illustrations, feature articles and important symposiums. 
Publishes the papers of Trauma, Proctology, Maxillofacial and Pacific 
Coast societies. Edited by a board of internationally distinguished 
surgeons. Subscribe now, 12 months, U.S.A. $15.00, Foreign $17.00. 


The American Journal Surgery 


OF THE YORKE GROUP 


Publishers of The American Journal of Medicine, The American Journal of Clinical Nutrition, Modern Drugs. 
49 West 45th Street, New York 36, N. Y. 
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when 
yOu 
prescribe 


CARDIAL 


Pentobarbital sodium and Carbromal. In Kapseal® and Elixir form 


sleep 
/ 


PARKE, DAVIS & COMPANY - DETROIT 32, MICHIGAN 
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associated with or aggravated by 


for liver 
impairment f . diabetes 
Aa obesit 
atherosclerosis 
coronary disease 


te lipotropic therapy 


ischol 


methionine vitamin « choline 
inositol « liver 


scierosis 


METHISCHOL helps to terminate 

Dy acting ncrease phospholipid t 
to reduce fatty deposits and fibrosis of 
to stimulate regene 


erally to neip 
capsules: 


syrup: 


mple yndd vrite 


u. Ss. Vitamin corporation 


t, New York 17, N. Y 


| 
the origina ymple 
Fatty liver and other hepatic damage Ilr in and 
are exacerbated by diabetes, obesity, alcoholism 
c ronary daisease 
cycle 
urnover, 
ne liver, 
Is and 
improve liver function 
hattloc anf and 10¢ 
> iv 4 2 4 J 
bottles of lé inces and 1 gallor 
Ar gton-Funk Laboratories, division) 
Fact 42rd tree 


symptomatic 
relief...plus 


Achrocidin 


Tetracycline-Antihistamine-A 1al -esic Compound 


Available on prescription only 


AcurocipIn is a well-balanced, comprehensive formula ACHROMYCIN® Tetracycline 
directly modifying the complications of the common Coles 
cold or upper respiratory infections. 
Bottle of 24 tablets. 


In addition to the direct benefit of rapid symptomatic 
improvement, ACHROCIDIN promptly controls the bac- 
terial component frequently responsible for the devel- 
opment in susceptible individuals of sequelae such as 


otitis media, sinusitis, adenitis. and bronchitis. 


ACHROCIDIN is convenient for you to prescribe—easy 
for the patient to take. Average adult dose: two tablets 


three or four times daily. 


LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, NEW 


* TRADEMARK 
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30 mg. 
150 mg. 

25 mg. 
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When less potent 
antihypertensives fail... 


Ecolid Pentolinium Hexamethonium 
2 mg./kg. 2 mg./kg. | 2 mg./kg. 


8 hours 


The greater potency and longer action of Ecolid can be seen in acom- 
parison of its effect with the effects of other ganglionic blockers on the 
nictitating membrane of the unanesthetized dog.’ 


Clinically, reduction in blood pressure instituted with Ecolid was 


— ® more effective, more consistent and more prolonged at a lower 
oral dosage than with other ganglionic blockers, including hexa- 
methonium and pentolinium.?-* Patients preferred Ecolid to 
hexamethonium “,.. for reasons varying from relief of constipa- 
tion to need to take fewer tablets a day.’’* Ecolid is recommended 


chloride in moderate, severe, even malignant hypertension. 
For complete information on dosage recommendations, man- 
(chlorisondamine chloride C!IBA) agement of side effects and precautions, please write Medical 
Service Division for booklet entitled “Ecolid — A New Gangli- 
onic Blocker for Hypertension.” 


1. Plummer, A. J., Trapold, J. H., Schneider, J. A., Maxwell, R. A., and Earl, A. E.: J. 

Pharmacol. & Exper. Therap. 115:172 (Oct.) 1955. 2. Grimson, K. S.: J.A.M.A. 158:359 (June 4) 

1955. 3. Smith, J. R., and Hoobler, S. W.: Univ. Michigan M. Bull. 22:51 (Feb.) 1956. 4. 
Cc I B A Grimson, K. S., Tarazi, A. K., and Frazer, J. W., Jr.: Circulation 11:733 (May) 1955. 


SUMMIT, N. J. Supplied: Ecolid Tablets (Rotocotes) ,25 mg. (ivory) and 50 mg. (pink). 
ROTOCOTES (dry-compressed, coated tablets CIBA) 
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the first thought for pain relief 


Prescribe 1/20 gr. DILAUDID HCI Tablets or Ampules for Prompt Relief of Pain 


e Pain relief without hypnosis 

® Smooth, quick action 

e Minimum of side effects 

e An opiate, may be habit forming 


*Dilaudid is subject to Federal narcotic regulations. 
Dilaudid®, brand of Dihydromorphinone, a product of E. Bilhuber, Inc. 


BILHUBER-KNOLL CORP. distributor 


: 
® 
Iniyarate 
dt B 
3 -~COMBEX containing the starch-digestant Taka-Dii 
vitamins, ascorbic acid, and liver concentrates —is available in | c 
PARKE, DAVIS & COMPANY - DETROIT 32, 
- 
ORANGE 
NEW JERSEY | 


COMCLU STON 


after 2 years of extensive 
clinical use of... 


» RECTAL 
DESITIN 


OINTMENT 


“it has tultilled better 


@ Specially formulated for pro- than ally previously 


longed, unusual efficacy in reliev- 


tried medicaments 


HEMORRHOIDS, PRURITUS ANI, 


FISSURES, PERIANAL DERMATITIS, ifications: 


PAPILLITIS, etc. Non-sensitizing. 


Formula: RECTAL DESITIN OINTMENT BX rected of 


contains high grade Norwegian cod 


Does not contain local anesthetics, 


narcotics, or “caine” drugs which 
might mask serious anorectal dis- 


orders. “promotes 
: Available on smooth epithelization 


your prescription 


in tubes of 1'% o2., and healthy 


with a safe, flexible 


granulation tissue and 
Liberal SAMPLE supply on request accelerates healing.” 


DESITIN CHEMICAL COMPANY, PRovivENce 4, R. 1. 
New RECTAL DESITIN OINTMENT is not to be confused with regular DESITIN OINTMENT 


1. Spiesman, M. G. and Malow, L.: Amer. J. Proctology, June 1956. 
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Each SUR-BEX with C 
tablet contains: 


Thiamine Mononitrate 
Riboflavin 

Nicotinamide 

Pyridoxine Hydrochloride 


Vitamin By 
(as cobalamin concentrate) 


Calcium Pantothenate 

Ascorbic Acid 

Liver Fraction 2, N. F. ..... 300 mg. (5 grs.) 
Brewer's Yeast, Dried .... 150 mg. (2% grs.) 


As a dietary supplement: | or 2 tablets daily. 
For stress, or postoperative convalescence: 
2 or more tablets daily. 1 
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Emergency: acutely agitated patient 


You are ready with SPARINE in your bag to cope promptly with 
acutely agitated patients. SPARINE offers immediate action 
to quiet hyperactivity and to facilitate cooperation. Always carry it. 


SPARINE is well tolerated on intravenous, intramuscular, or oral administration. 
Toxicity is minimal—no case of liver damage has been reported. 
Parenteral use offers (1) minimal injection pain; (2) no tissue necrosis 


at the injection site; (3) potency of 50 mg. per cc.; Wyeth 


(4) no need of reconstitution before injection. 


Philadelphia 1, Pa. 
Professional literature available upon request. 


HY DROCHLORIDE 


Promazine Hydrochloride 10-(-y-dimethylamino-n-propy!)-phenothiazine hydrochloride 


*Trademark 
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maximum efficacy with minimum risk 


Terfonyl 


SQUIBB METH-DIA-MER SULFONAMIDES 


mg. per 100 mi. 


BLOOD LEVELS IN MAN ON DOSAGE OF 6 GM. PER DAY 


= After Lehr, D., Modern Med. 23:111 (Jan. 15) 1955. 


Terfonyl is absorbed as well as single “soluble” sul- 
fonamides, but is eliminated at a slower rate. For this 
reason, Terfonyl blood levels are much higher. 


In experimental infections (Klebsiella, Pneumococcus, 
Streptococcus), Meth-Dia-Mer sulfonamides have been 
shown to be from three to four times more effective 
on a weight basis than single “soluble” sulfonamides. 


Toxicity is minimal because normal dosage provides 
only one-third the normal amount of each sulfonamide. 
The body handles each component as though it were 
present alone, although therapeutic effects are additive. 


Terfonyl Tablets, 0.5 Gm., bottles of 100 and 1000. 
Terfonyl Suspension, 0.5 Gm, per 5 ml., pint bottles, 


0.167 Gm. each of sulfamethazine, sulfadiazine and sulfa- 
merazine per tablet or per 5 ml. teaspoonful of suspension. 


SQUIBB ‘TERFONYL’® 18 A SQUIBB TRADEMARK 
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Against Pathogen & Pain 
in urinary tract infections 


Azo Gantrisin combines the single, soluble 
sulfonamide, Gantrisin, with a time-tested 
urinary analgesic - in a single tablet. 


Prompt relief of pain and other discomfort is 
provided together with the wide-spectrum 
antibacterial effectiveness of Gantrisin which 
achieves both high urinary and plasma levels so 


important in both ascending and descending 


urinary tract infections. 
Each Azo Gantrisin tablet contains 0.5 Gm Gantrisin ‘Roche’ plus 50 m 


phenylazo-diamino-pyridine HCl. Gantrisin® - brand of sulfisoxazole 


Original Research in Medicine and Chemistry 
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you want 
in an analgesic 


(Salts of Dihydrohydroxycodeinone and Homatropine, plus APC) 


SD GC eC d acts faster than codeine plus APC— 


usually within 15 minutes’? 


codeine plus APC—usually for 6 hours 


with virtual freedom from constipation” ’ 


Average adult dosage, 1 tablet qg.6 h. Supplied 
as scored, yellow oral tablets. May be habit- 
forming. Literature? Write — 


ENDO LABORATORIES INC. Richmond Hill 18, New York 


1. Blank, P., and Boas, H.: Ann. West. Med. & Surg.6:376,1952. 
2. Piper, C. E., and Nicklas, F. W.: Indust. Med. 23:510, 1954. 


*U.S. Pat. 2,628,185 
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blue at breakfast? 


BONADOXIN 


stops morning sickness 


manifest in 3 out of every 4 pregnancies. Relief with BONADOXIN 
was over 90% in controlled studies, which termed results “good to 
. . tolerance “excellent.”! Complete relief is often 


afforded “within a few hours.” 

Each BONADOXIN tablet contains: 
Pyridoxine HCl ...... . 50 mg. 


In mild cases, one BONADOXIN tablet at bedtime. Severe cases, one 


tablet at bedtime and on arising. 
Supplied: Tiny pink and blue tablets, bottles of 25 and 100... 


prescription only. 


... and as pre-natal supplementation, 


® 

STORCAVITE 
4 
the new, phosphate-free formula, which brings the gravida vitamin- 
mineral supplementation and full-term freedom from leg cramps. 


Rx: one tablet t.i.d.—p.c. 

STORCAVITE® (comprehensive formula of vitamins A, B complex, C, 
D, E and of minerals, phosphate-free) 

Supplied: Orange-colored, sugar-coated tablets, bottles of 100. 


{when due to high phosphorus intake 
Chicago 11, REFERENCES: 1, Weinberg, A. and Werner, W.E.F.: Am. Pract. & Dig. Treat. 6:580, 1955. 


Illinois 2. Groskloss, H.H. et al: Clin. Med. 2:885, 1955. 3. Crawley, C. R.: West. J. Surg. 
Gynec. and Obst. 8:463 (Aug.) 1956. 4. Tartikoff, G.: Clin. Med. 3:223 (Mar.) 1956. 
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ne DONNAGESIC Extentab gives 10 to 12 hours of 

steady, high-level codeine analgesia. Rebuilding 

of effective analgesia with repeated doses is 
avoided. Patient comfort is continuous. 


There is more pain relief in DONNAGESIC Extentabs 
than in codeine alone — codeine analgesia is potentiated 
by the phenobarbital present. In addition, phenobarbital 
diminishes anxiety, lowering patient’s reactivity to pain. 


DONNAGESIC is safer, too, for codeine side effects are 
minimized by the peripheral action of the belladonna 
alkaloids. 


extended action—tThe intensity of effects smoothly 
sustained all-day or all-night by each DONNAGESIC 
Extentab is equivalent to, or greater than, the maximum 
which would be provided by q. 4h. administration of one- 
third the active ingredients. 


no pain breakthrough 


Donnagesic 


extended action tablets of CODEINE with DONNATAL® 


once every 10-12 hours 
and 
for all codeine uses 


DONNAGESIC No. 2 (red) © 


DONNAGESIC No. 1 (pink) 


CODEINE Phosphate 
Hyoscyamine Sulfate 
Atropine Sulfate 
Hyoscine Hydrobromide 
Phenobarbital 


(Robins A. H. ROBINS CoO., INC., RICHMOND, VIRGINIA Ethical Pharmaceuticals of Merit Since 1878 


*Reg. U. S. Pat. Off., Pat. applied for. 
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48.6mg.(%egr.) ....... 97.2 mg. (1% er) 
48.6mg.(%er.) ........ 48.6 mg. (% gr.) 


Look what’s happened to CALCIDRINE! 


| 

Improved 


a golden new look 


a new apricot flavor 


and a formula that treats 
all phases of the cough 


each 30 cc. (1 fl. oz.) of improved CALCIDRINE Syrup represents: 
Dihydrocodeinone Bitartrate 10 mg. (% gr.) 
Nembutal® Sodium 25 meg. (% gr.) 
Ephedrine Hydrochloride 25 mg. (% gr.) 
Calcium lodide, anhydrous 910 mg. (14 grs.) 
®Nembutal—Pentobarbital, ABBOTT 


The iodide content has been doubled—more iodide than any other 
cough preparation. Dihydrocodeinone replaces codeine—to depress 
the cough reflex with greater efficiency and practically no nausea. 
And the new, nectar-like syrup quickly relieves irritated mucous 
membranes. All for prompt, more comprehensive cough therapy 
which all your patients will readily accept. 
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» UNPRODUCTIVE COUGH 


exempt narcotic —contains dihydrocodeinone bitartrate 
- the original syrup cocillana compound 
- delicious peach-like flavor 


in 2-ounce, 4-ounce, 16-ounce, and 1-gallon bottles 


PARKE, DAVIS & COMPANY «+ 


each dose is fresh 
... for complete potency 


TOLBESY 


VITAMINS LEDERLE 


B COMPLEX + C 


Separate packaging of dry vitamins and diluent (mixed immedi- Each 2 cc. dose contains: 

ately before injection) assure controlled dosage. The folic acid Thiamine HC! (B;) 10 mg. 
solution is specially prepared to preserve full potency and to serve come water gaa $0 me. 
for quick solution of the dried vitamins. FOLBESYN may be con- Pyridoxine HC! (Be) 5 mg. 
veniently added to standard intravenous solutions. Ascorbic Acid (C) is 300 mg. 
Dosage: 2 cc. daily. Bas 15 


t Lederte ) LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, N. Y. 


*REG. U.S. PAT. OFF. 
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In the arthritides ...a prudent course 


Ulysses and the Sirens—from a vase in the British Museum 


between the hazards of high steroid dosage 
and the frustration of inadequate relief 


Because of the complementary action of cortisone and the 
salicylates, Salcort produces a greater therapeutic response 
with lower dosage. 

One study concludes: ‘‘Salicylate potentiates the greatly 
reduced amount of cortisone present so that its full effect 


is brought out without evoking undesirable side reactions. 
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SALCORT'™ 


indications: 


Rheumatoid arthritis ... Rheumatoid spon- 
dylitis . . . Rheumatic fever . . . Neuromus- 
cular affections. 


‘Busse, E.A.: Treatment of Rheumatoid Arthritis 
by a Combination of Cortisone and Salicylates. 
Clinical Med. 11:1105. 


each tablet contains: 


Cortisone acetate 
Sodium salicylate 
Aluminum hydroxide gel, dried . . . 0.12 Gm. 


Calcium ascorbate 60.0 mg. 
(equivalent to 50 mg. ascorbic acid) 


Calcium carbonate 
*U.S. Pat. 2,691,662 


The S. E. MASSENGILL Company, Bristol, Tennessee 
NEW YORK «+ KANSAS CITY «+ SAN FRANCISCO 


“The average female 


is borderline 


tron deficrent...’’® 


The bibliogra 


1. Moore, C.V., and Dubach, R.: J.A.M.A. 162:197 


(Sept. 15) 1956. 
2. Holly, R.G.: Obstet. and Gynec. 2:124 (Aug.) 1953. 


3. Ausman, D.C.: Journal-Lancet 76:290 (Oct.) 1956. 
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Evidence shows that practically every menstruating female is in a state of 
precarious iron balance. Thus the iron deficiency state, due to even normal 
menstrual losses, is an extremely common occurrence.” ? 


Correction of this iron deficiency state results in real benefits to the tired, 
rundown female patient. 

Strikingly superior clinical responses in menstrual anemia have been reported 
with RONCOVITE.’® These results can be explained by the increased 
absorption and utilization of iron due to the improved bone marrow activity 
provided only by RONCOVITE. 


Roncovite Tablets (in menstrual anemia): 


Maximum Adult Dosage: One tablet after each meal and at bedtime. 
Bottles of 100 tablets. 


Literature available to physicians on request. 


Roncovite 


THE ORIGINAL, CLINICALLY PROVED COBALT-IRON PRODUCT 


<q routine office testing 
bottles of 60 CLinistix Reagent Strips 


daily check by mild diabetics, > 
well-controlled diabetics 

‘packets of 30 Reagent Strips 
in new protective foil pouch 


utmost ‘simplicity and convenience...A firm, easily handled CLINisTix 
Reagent Strip is moistened with urine. 


qualitative accuracy...CLinistix Reagent Strip turns blue only if glucose is 
present. No blue color—no glucose! 
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quick 
or 
test 
<= 
Specific test 


In constipation consistency 
of the stool is more important than 
the frequency of defecation or the 


quantity expelled.’”* 


* Cecil, R. L., and Loeb, R. F., eds.: A 
Textbook of Medicine, ed. 9, Phila- 
p. 880. 


delphia, Saunders, 1955. p. 880. 


Squibb Dioctyl Sodium Sulfosuccinate 


relieves or prevents constipation 


“movorac’ A TRADEMARR 


by softening the stools 


Molofac softens stools by lowering surface tension in 
the intestine, permitting water to mix more thoroughly 
with the fecal matter. Molofac fosters natural, spon- 
taneous defecation...it is not a laxative or a cathartic. 


In mild constipation—Adults and older children: 1 or 2 capsules 
daily. Children 6 to 12 years old: 1 capsule daily. 


In more severe constipation—Adults and older children: an ini- 
tial dose of 2 capsules twice daily for three days, with 1 or 2 cap- 
sules daily thereafter. Increased dosages may sometimes be 
required. 


NOTE: The stool-softening effect of Molofac is usually evident 
1 to 3 days after the beginning of treatment. 


Supply: Bottles of 30 and 100 capsules. Each clear, red, one-piece 
capsule contains 60 mg. of dioctyl sodium sulfosuccinate. 


Squibb Quality—the Priceless Ingredient 
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when ACTH- 


why ARMOUR’S 


HP*ACTHAR Gel 


HP*ACTHAR Gel (MUST BE IN GOOD CONDITION) 
has the greatest volume of 
clinical experience — 


HP*ACTHAR Gel 
is regarded as the international 


standard of potency— will pay $1.00 per copy for 


ant the following issues: 


has a safety record unmatched 
by any other drug of compar- 
able power, scope and action. 


THE AMERICAN JOURNAL OF MEDICINE 


January 1948 
March 1948 
July 1948 


August 1951 
Some common indications from 
more than 100 diseases in which February 1953 
you can expect rapid effects from 

short-term therapy: December 1954 


Allergies, including Asthma May 1955 
Drug Sensitivities August 1955 
Penicillin Reactions 

September 1955 


October 1955 
HP*ACTHAR Gel is The Armour 
Laboratories Brand of Purified Repository 

Corticotropin (ACTH) Send to 
*Highly Purified 
The American Journal of Medicine, Inc. 


49 West 45th Street New York 36, N. Y. 


AA THE ARMOUR LABORATORIES 
\ A DIVISION OF ARMOUR AND COMPANY 
KANKAKEE, ILLINOIS 
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TO FIGHT THE INROADS OF AGE 


Current opinion stresses the importance of early recognition of 
the undesirable effects of aging, and adequate metabolic support 
of the body’s fight against them.' NEOBON, by providing 4 factors 
PLUS 1, corrects all 5 of the recognized treatable causes of aging. 


Gonadal Hormone Decline—NEOBON’S daily dose of 3 mg. Methyl- 
testosterone and 0.018 mg. Ethiny] Estradiol offsets it. 


Hematinic Deficiencies—NEOBON combats nutritional anemia and 
iron deficiency with essential hematinic factors. 


Digestive Enzyme Deficiency—NEOBON supplies pepsin and pan- 
creatin to insure proper absorption and utilization of foods— 
despite digestive “let-down”’ of aging. 


Nutritional Inadequacy—NEOBON’S complete combination of essen- 
tial minerals and vitamins replaces deficiencies inherent in the 
restricted diets of the aging. 


PLUS-—NEOBON’S new lysine, the amino acid that lifts low value vegetable 
proteins to the high grade quality found in meat and eggs. 


NEOBON in bottles of 60 soft, soluble capsules; prescription only. 
1. Klemme, H. L.: Clin. Med., October, 1956. 


New NEOBON® LIQUID, a geriatric tonic providing gonadal and thyroid 
supplementation, improved carbohydrate and protein utilization, hematinic action, 
and mild antidepressant effect. 


In 16 oz. bottles; prescription only. 


PEACE of mind ATARAX® i) Chicago 11, Illinois 
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“MYSOLINE” effectively controls 


grand mal and psychomotor seizures 


Control of seizures was obtained in 57 per cent of 97 grand 
mal patients where “MysoOLine” was used as initial therapy; 
an additional 22 per cent were improved.’ In patients 
refractory to previous standard medication, Pence? obtained 
improvement to complete control in 70 per cent of cases. 
In his study, “MysoLine” was added to current medication 
and in some cases this was replaced by ““Myso.ine” alone. 
He observed that patients can usually remain under control 
without necessitating dosage increases above the established 
maintenance level. “Grand mal convulsions, psychomotor 
automatisms and focal motor convulsive disorders respond 
most readily to this drug.’ 


NOTABLY FREE From SeER10oUS Toxic EFFECTS 


Urinalyses and blood counts during therapy failed to reveal 
any abnormalities.2? When side reactions do occur, they 

are usually mild and transient and tend to disappear 

as therapy is continued. 


MYSOLINE. 


Brand of Primidone 


in epilepsy 


Supplied: 0.25 Gm. scored tablets, bottles of 100 and 1,000. 
LITERATURE ON REQUEST 
1. Livingston, S., and Petersen, D.: New England J. Med. 254:327 (Feb. 16) 1956. 


2. Pence, L. M.: Texas State J. Med. 50:290 (May) 1954. 
3. Berman, B. A.: Am. J. Psychiat. 112:541 (Jan.) 1956. 


Ayerst Laboratories +- New York, N.Y. «+ Montreal, Canada 


*“Mysoline’’ is available in the United States by arrangement with Imperial Chemical 
(Pharmaceuticals) Limited. 
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acknowledged as competent 


Spontaneously acknowledged by physicians everywhere as an outstanding 
therapeutic advance, repeatedly confirmed during more than three years of 
clinical usage, ACHROMYCIN* Tetracycline ranks among the foremost in its field 
today... judged on its exceptional effectiveness against a wide range of pathogens, 
prompt control of infections most commonly encountered in medical practice, 


low incidence of side reactions, minimal emergence of resistance. 


ACHROMYCIN is available in 21 dosage forms—each with full tetracycline effect — 


to meet the exacting requirements of modern medicine. 


? 
Jederle LEDERLE LABORATORIES DIVISION. AMERICAN CYANAMID COMPANY, PEARL RIVER. NEW YORK 
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better tasting 


better absorbed 


better utilized 


the only 
homogenized vitamins 
in solid form 


Homagenets provide multivitamins inthe Advantages— 

do the foods. Better absorption, better utilization 

By a unique process, the vitamins are homo- 

genized, then fused into a solid, highly 

palatable form. Compare the taste of Pleasant, candy-like flavor 

Homagenets with other vitamin preparations. —_No regurgitation, no “fishy burp” 
Homogenization presents both oil and 

water soluble vitamins in microscopic parti- "© swallowed or dissolve 

, in the mouth 

cles. This permits greater dispersion of the 

vitamins—thus better absorption and utiliza- 

tion. And the flavorful base assures patient _ Prenatal Pediatric Therapeutic 


acceptance. 


Excess vitamin dosage unnecessary 


Three formulas: 


Send for samples of Homagenets. 
*U.S. Pat. 2676136. Other Pat. Pending Taste them, and compare. 


The MASSENGILL Company 
BRISTOL, TENNESSEE - NEW YORK - KANSAS CITY +» SAN FRANCISCO 
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a true 
cough specific 
non-narcotic 


ROMILAR ‘Roche’ 


For suppressing cough, whatever the 
cause, Romilar is at least as effective as 
codeine. Yet it has no general sedative 
or respiratory- depressant activity, and 
it's remarkably free of side effects such 
as nausea, constipation, or tendency to 
habit formation. Available as a 
syrup, in tablets, or expectorant mixture 
(with ammonium chloride). 


Original Research in Medicine and Chemistry 


Romilar® hydrobromide — brand of dextrometharshan hydrobromide 


hauwiloid 


A Better Antihypertensive 


... because among all Rauwolfia preparations Rauwiloid 
(alseroxylon) is maximally effective and maximally safe 

. because least dosage adjustment is necessary... 
because the incidence of depression is less . . . because 
up to 80% of patients with mild labile hypertension and 
many with more severe forms respond to Rauwiloid alone. 


A Better Tranquilizer, too 


. because Rauwiloid’s nonsoporific sedative action 
relieves anxiety in a long list of unrelated diseases 
not necessarily associated with hypertension . . . with- 
out masking of symptoms. . . without impairing in- 
tellectual or psychomotor efficiency. 


Dosage: Simply two 2 mg. tablets at bedtime. 
After full effect one tablet suffices. 


Best first step when more potent drugs are needed 


Rauwiloid is recognized as basal Kauwiloid + 
medication in all grades and types Ce ae 
more potent agents it proves syner- 
gistic or potentiating, makingsmaller 
dosage effective and freer from side 
actions. 


Rauwiloid+ Veriloid 
In moderate to severe hypertension 
mits long-term therapy with depend- 
ablystable response. Each tabletcon- 
tains 1 mg. Rauwiloid and 3 mg. Veri- 
loid. Initial dose, 1 tablet t.i.d., p.c. 


ch et contains 1 mg. 
loid and 250 mg. hexamethonium — 
tablet q.i.d. 

Riker: we sme 


Serpasil-Apresoline 


hydrochloride 
(reserpine and hydralazine hydrochloride C/BA) 


When more than the central antihypertensive effect of 
Serpasil alone is needed to. lower blood pressure, you 

will often see gratifying response to the combined 

antihypertensive action of Serpasil-Apresoline. And because 
Apresoline is effective in lower dosage when combined with 
Serpasil, there is a minimum of side effects. 
NOTE: All patients to be given Serpasil-Apresoline may 

benefit from priming therapy with Serpasil. 


CIB A Suppiep: Tablets #2 (standard-strength, scored), each containing 0.2 mg. 
Serpasil and 50 mg. Apresoline hydrochloride; Tablets #1 (half-strength, 
SUMMIT, N. J. 2/2283m scored),each containing 0.1 mg. Serpasil and 25 mg. Apresoline hydrochloride. 
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